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Abstract 
Bovine Viral Diarrhoea (BVD) is estimated to cost the UK cattle industry £40 million 
annually, the third most costly disease facing the agricultural industry. BVD produces a 
range of symptoms in cattle including scouring, pneumonia, poor fertility, reduced 
growth rates and lowered milk yields. The most common route of transmission is 
through persistently infected (PI) animals shedding the virus to other cattle. PI animals 
can only develop pre-partum when the BVD virus crosses the placenta from the dam to 
the foetus. If infection occurs during the first 110 to 150 days of gestation, the foetus is 
immune-incompetent and the lymphocytes are unable to identify foreign bodies, the 
virus becomes accepted as part of the foetus and is unable to produce antibodies 
against it; if born alive, the calf will continually shed the virus throughout its life. Animals 
infected post birth will become acutely infected and shed the virus for two to three 
weeks before producing antibodies and long-term immunity against the virus (Larska et 
al, 2013; Booth and Brownlie, 2011; Walz et al., 2010; Smirnova et al., 2008; Brock, 
2003; Fray et al., 2000). BVD can be controlled and eradicated, as has been shown in 
a number of European countries. Currently there are no measures in place nationally in 
the UK to control this disease; however, a regional control programme was 
implemented in the South West between 2010 and 2013. This study aimed to establish 
the level of risk or entry and spread of BVD on farms participating in this programme 
and determine any common risk areas on these farms. Herds participating in this 
regional control programme were categorised as red, amber or green for the level of 
risk of BVD entry and for BVD spread following the completion of a risk assessment 
questionnaire. Principal Component Analysis (PCA) was used to identify common risk 
areas for BVD entry and spread within both dairy and beef herds. These risk areas 
were then used to provide summarised advice suitable for farmers to improve their 
level of risk management on their farm for both BVD entry and spread and control BVD 
on their farm. 
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Chapter one: 
Introduction 
 
1.1  Introduction 
Bovine Viral Diarrhoea (BVD) is a complex and costly disease of cattle, costing the UK 
cattle industry approximately £40 million annually, the third most expensive cattle 
disease after mastitis (£180million/year) and lameness (£54million/year) (Bennett and 
Ijpelaar, 2003). BVD has a huge range of symptoms including, but not limited to 
infertility, abortion, reduced growth rates, poor milk production, calf scour and 
pneumonia. The transmission of BVD is complex and while there is no cure, it can be 
controlled, prevented and even eradicated from farms, regions and countries if the 
correct measures are implemented (Gunn et al., 2005). European countries such as 
Switzerland and Sweden as well as regions of the UK including Scotland and the 
Shetland Islands have implemented regional or national control programmes.  
 
Between November 2010 and December 2013, the largest regional BVD prevention 
and control programme was available to dairy and beef farmers in the South West of 
England. The programme, Healthy Livestock, was delivered by Duchy College’s Rural 
Business School, and provided financial support towards the cost of veterinary advice 
and laboratory testing through funding from the Rural Development Programme for 
England (RDPE). A proportion of the money was derived from modulation under the 
Common Agricultural Policy (CAP). Through working with veterinarians, farmers were 
able to designate their disease status and identify risk areas of the farm where the 
entry and/or spread of the BVD virus could occur. By identifying these areas, measures 
could be introduced to reduce or remove these risk factors from the farm, reducing the 
impact of the disease on the farm. 
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This project used the risk check element of the Healthy Livestock BVD work strand to 
identify any common risk factors of BVD biosecurity and bio-containment among herds 
participating in the funded activity. 
 
1.2 Delimitations and Limitations 
 The data used in this study have some limiting factors: 
 The farms involved in this study were not randomised. Healthy Livestock was a 
voluntary programme; involvement may have been biased toward proactive 
farmers or farms that used proactive veterinary practices. 
 The funded programme, Healthy Livestock, ran from November 2010 to December 
2013. However, the data used in this study was from farms participating between 
November 2010 and May 2013. 
 There is no historic data available to see if farms had changed their management 
to minimise the risks on their farms. 
  
1.3 Aims and Objectives 
1.3.1 Aim 
To establish the level of risk of entry and spread of BVD on farms that participated in a 
part-funded disease control programme and determine any common risk areas on 
these farms.  
 
1.3.2 Objectives 
1. Establish the risk status of South West farms that took part in the BVD strand of 
the Healthy Livestock project. 
2. Analyse risky behaviours by farmers engaged on the BVD strand. 
3. Utilise any frequent risks or risky behaviours to inform future control strategies 
and knowledge exchange. 
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1.4 UK agriculture – the dairy and beef industries 
Agriculture today is facing many challenges to feed an ever expanding population. 
There is a huge emphasis on sustainable production and protecting the environment, 
while land is being consumed for other reasons such as building for houses and 
industrialisation as well as renewable energy e.g. solar panels. Changes to the climate 
are affecting levels of food production; 2012 saw the second wettest summer in UK 
history (BBC, 2013), while other parts of the world such as America suffered the worst 
drought for at least 25 years (USDA, 2013). The extreme weather affected global food 
production considerably and although early predictions suggested its effects would be 
felt for many years to come, analysis shows it was not the case. The Food and 
Agriculture Organisation of the United Nations estimated a 9% increase in world cereal 
production reaching 2,521.1million tonnes for 2013 compared to 2012 and Europe is 
estimated to have seen a 15% increase in yield for the same year (FAO, 2014; FAO, 
2013). Along with the fluctuations in yield, farmers also have to contend with unreliable 
commodity prices (Ackrill, 2000) and the ever-changing regulation, legislation, 
paperwork and ‘red tape’. Despite these changes one aspect of livestock farming in 
Britain has remained constant – the threat of livestock disease. Disease control and 
eradication programmes have put pressure on disease prevalence, reducing the impact 
on the agricultural economy, but there are still many more that pose major threats to 
the livestock industry. 
 
1.4.1 UK agriculture 
Agriculture in the UK accounts for only 0.62% of the United Kingdom’s gross value 
added (GVA) and 0.6% of England’s GVA. Agriculture in the South West, however, 
accounts for 1.26% of the region’s total GVA, the highest level of any of the regions in 
England, demonstrating the importance of this industry to the region. The South West 
is the highest contributor to the nation’s livestock outputs taking a 24% share, worth 
£2,149 million (Farm Business Survey, 2014). This dominance is reflected in the fact 
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that this contribution is £839 million higher than the second highest region, the North 
West, which contributes 14.8% to the nation’s livestock output. The South West is 
predominantly a grass growing region due to its climate (Defra, 2014; Farm Business 
Survey, 2014). 
 
The South West saw a 47% decrease in agricultural income in 2012/13 compared to 
the previous year; this was a more severe decrease than seen by England as a whole, 
where a 30% decrease was observed. The farm business income (FBI) is made up of 
four cost centres: agriculture, agri-environment, diversification and single payment 
scheme (SPS). A loss was seen from agriculture in the South West with an income 
reduction of £24,500 from the previous year, this could be as a result of a very wet 
winter and prolonged flooding. 70% of the total farm income in the South West was 
from SPS, compared to a 50% contribution seen across England. The higher 
contribution of SPS in the South West is due to the lower income from the other three 
cost centres. This demonstrates the importance to the South West agricultural industry 
of the SPS (Farm Business Survey, 2014). 
 
In 2013, 17.3 million hectares of land in the UK was utilised for agricultural production, 
equating to 71% of land in the UK. The number of commercial agricultural holdings in 
the UK was 222,000, which had remained stable since 2010. England accounted for 
101,000 of these holdings and 9.1million hectares. The largest proportion (34.5%) of 
these holdings was under 20 hectares in size, equating to 319,000 hectares. The 
second largest farm size and largest area coverage was the 100 hectares and over 
group, made up of 27,000 holdings and 6.7million hectares, 74.3% of England’s total 
agricultural land area (Defra, 2014).  
 
In 2012, 3.5% (606,000 hectares) of UK agricultural land was either fully organic or in 
conversion. The South West had the highest area of land in conversion and fully 
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organic of all the regions in England, with 8,900 hectares (46%) in conversion and 
145,500 hectares (48%) classified as fully organic (Defra, 2014; Defra, 2013). As well 
as having the largest area of organic land, the South West was also the region with the 
largest number of organic livestock producers with 784,000, equating to 50% of the 
total (Defra, 2014). 
 
The 2013 the agricultural workforce for the UK stood at 464,000 on commercial 
holdings including farmers and spouses, a decrease of 3.6% from 2012. There were 
290,000 farmers, business partners, directors and spouses in 2013, an 8,000 decrease 
from 2012. 52% (152,000) of these were classed as part-time with the remaining 48% 
(138,000) full-time. 62% of ‘other’ workers were full-time and 38% were part-time. Part-
time was stated as being less than 39 hours per week in England and Wales, less than 
38 hours per week in Scotland and less than 30 hours per week in Northern Ireland. 
Salaried managers were the only category that remained static at 11,000 (Defra, 2014). 
According to the Office of National Statistics Workforce Jobs Summary, 1.3% of the UK 
workforce and 1.02% of England’s workforce was employed in the agricultural industry. 
2.2% of the South West’s workforce is employed in agriculture; this was the highest of 
all regions (ONS, 2014), reflecting the region’s reliance on relatively small labour-
intensive livestock holdings. The decrease in workforce maybe a result of continued 
mechanisation of the industry with labour saving technology reducing the requirement 
for labour and lower farm incomes so less money to pay for staff. 
 
This project utilises data collected from dairy and beef herds in the South West and so 
these two sectors will be looked at in more detail. Different sources give different 
estimates of cattle numbers and holdings in the UK, so those available from the 
Agriculture and Horticulture Development Board (AHDB) have been used here (Dairy 
Co and EBLEX). There is very limited information on the dairy and beef sectors by 
region and so the majority of information is national, unless stated otherwise. 
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1.4.2 Dairy 
In 2013 there were 13,265 dairy farms in the UK with 10,581 situated in England and 
Wales (DairyCo, 2014a). In the ten years leading to these figures England and Wales 
saw a reduction of 33% (5,265 herds) in the number of dairy holdings, with a 1.33% 
reduction (143 dairy holdings) between 2012 and 2013. This pattern of decline was 
also seen at varying levels in all counties (except Bristol) of the South West of England 
as shown in Table 1.1. 
 
Table 1.1: Number of dairy producers per county, South West England 
 
Aug-
05 
Aug-
06 
Aug-
07 
Aug-
08 
Aug-
09 
Aug-
10 
Aug-
11* 
Aug-
12 
Aug-
13 
Dorset 524 481 461 436 423 406 
 
398 394 
Bristol n/a n/a n/a n/a n/a n/a 
 
n/a 1 
Somerset 788 741 692 657 630 610 
 
696 691 
Avon 225 215 200 197 174 170 
 
n/a n/a 
Wiltshire 364 344 304 295 286 271 
 
267 263 
Gloucestershire 272 243 225 214 200 191 
 
249 236 
Devon 1,312 1,235 1,171 1,138 1,108 1,070 
 
1,018 1,012 
Cornwall and 
Isles of Scilly 
750 695 654 629 612 594 
 
572 562 
Total 4,235 3,954 3,707 3,566 3,433 3,312 
 
3,200 3,159 
*August 2011 figures are unavailable 
Avon was split between Somerset and Gloucestershire from 2012. 
Adapted from source: Dairy Co, 2013a 
 
Table 1.1 shows a decline in dairy producer numbers for all counties in the South West, 
with an overall decline of 1.3% (41) for the region between 2012 and 2013. The largest 
decrease in this period was in Gloucestershire which saw a 5.2% (13 herds) loss in 
dairy producers (DairyCo, 2013a). 
 
The number of dairy cows in the UK, aged two years or more with offspring, was 1.78 
million in 2013; this was a 1.7% decrease from 2012, or 30,000 fewer cows. 62.5% of 
these cows were in England (1.1million) (DairyCo, 2014b). At the time of writing, the 
latest figures available for South West cattle numbers were from 2010, when 
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approximately 37% of England’s dairy cattle were in the region (DairyCo, 2011). The 
size of the average English dairy herd in 2012 was 127; this figure has continually risen 
over the last decade, increasing by 26% since 2002 (DairyCo, 2013b) 
 
The most recent milk yields per cow available at the time of writing were from 2012, 
when the UK average yield was 7,445 litres per cow; milk yields have fluctuated with a 
1.1% decrease seen between 2011 and 2012, probably due to the extremely high 
rainfall in 2012. However, over the 10 year period between 2002 and 2012, a yield 
increase was observed of 952 litres per cow per year (DairyCo, 2013b). This increase 
in yield per cow has offset the reduction in cow numbers, which is reflected in the 
stable UK milk production figures. The 2013/14 year (April to March) saw a total 
production increase of 5% from the previous twelve months, reaching 13,679 million 
litres (DairyCo, 2014c). 
 
In early 2014, the average farmgate milk price in the UK rose to 31.63 pence per litre 
(ppl), a 12.6% rise from 2012, and a 75.4% increase from 2003 (DairyCo, 2014d). 
Although this increase appears positive for the dairy industry, the rising input costs 
such as feed, fertiliser and oil have risen at a higher rate and England’s dairy industry 
saw their FBI for the 2012-13 year reduce by £36,500 from 2011-12, showing how 
much of an impact external factors have on the industry’s profitability (DairyCo, 2013c). 
 
1.4.3 Beef 
In 2011 (the most recent figures available at the time of writing), there were 61,435 
beef cow holdings in the UK, 44.7% (27,459) of these were found in England. A 1.9% 
reduction in beef holdings was seen between 2010 and 2011 (Eblex, 2013). A decline 
in numbers has also been seen in beef cow numbers; in 2013, there were 1.6 million 
beef cows in the UK breeding herd, a 2.8% reduction from the 2012 figures. There was 
a 2.9% reduction in the English breeding beef herd between 2012 and 2013, leaving 
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just 720,000 cows (DairyCo, 2014b). The most recent figures for beef cattle in the 
South West region of England were from 2013, when 27.4% (n=196,087/716,598) of 
the national beef breeding herd and 28.8% (n=528,524/1,833,007) of English total beef 
cattle were in the region (DairyCo, 2011). Eblex (2013) states that the average herd 
size of beef herds in 2011 is 28 animals; this figure was established for breeding herds 
only and does not include other beef herd types e.g. finishing units. 
 
The UK saw a 5.5% decrease in the number of cattle slaughtered in 2012 from 2011. 
60% of these were from England, where 1.6 million cattle were slaughtered, a 6.4% 
reduction from 2011. Beef and veal production for the UK and England decreased 
during the same period, with a 5.4% and 6.3% reduction, respectively. The UK 
produced 885,200 tonnes and England produced 525,600 tonnes of beef and veal in 
2012. In contrast to these reductions, the average carcase weight increased; in 2012, 
the average carcase weight of prime cattle (steers, heifers and young bulls) in the UK 
was 347.1kg dead weight, a 0.7% (2.4kg) increase from 2011 (Eblex, 2013). 
 
An increase in beef price was seen across all genders of both live and deadweight 
between 2011 and 2012. The GB deadweight prices of overall classifications for steers, 
young bulls and heifers increased to 344.7p/kg, 326.7p/kg and 343.1p/kg respectively, 
an increase of 35.8p/kg for steer and heifers and 35p/kg for bulls. The cull cow price 
increased by 30p/kg to 261.7p/kg during the same period. A slightly lower increase was 
seen in England and Wales, seeing a price rise of between 34.5 and 35.4p/kg for prime 
cattle, with prices reaching 339.9p/kg for steers, 324.9p/kg for young bulls and 
338.3p/kg for heifers. Cull cows saw a 17.7p/kg increase reaching 242.0p/kg. In the live 
weight market, only GB figures were available and all prime cattle saw an increase of 
20.5p/kg reaching 189.5p/kg. The largest increase was seen for heifers with a 
21.22p/kg increase, reaching 194.47p/kg; the smallest increase was for young bulls 
with just a 12.99p/kg rise to 181.99p/kg. There was a 7.19p/kg increase for cull cows 
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realising a price of 121.00p/kg (Eblex, 2013). Like the dairy sector, these price rises do 
not necessarily result in higher profits on farm due to the increased input costs for the 
likes of feed, fertiliser and fuel. The Farm Business Income (FBI) for beef enterprises is 
not as straight forward as other sectors, as they are classified by farm type. The Farm 
Business Survey (2014) states that the FBI for ‘Grazing Livestock Farms (lowland)’ and 
‘Grazing Livestock Farms (less favoured area)’ fell by 48% and 42% respectively in the 
2012/13 year from the previous 12 months, with farms in these categories on average 
seeing an FBI of £15,200 and £19,600 respectively. Both farm types made losses from 
their agriculture income and were heavily dependent on the SPS to make any profit 
(Farm Business Survey, 2014). 
  
1.4.4 Government and European Union support to present day 
The Agriculture Act of 1947 was introduced following the end of World War II to 
increase the production of cheap food for the nation and remove the need for food 
rationing, which ended in 1953. This act allowed the government to secure food 
supplies whilst giving farmers a guaranteed income with “deficiency payments” if the 
market price fell below the guaranteed levels (Angus et al., 2009; Bristow, 1998; Cox et 
al., 1986). The UK government continued its financial support to farmers until the 
introduction of the Common Agricultural Policy (CAP) as a result of Britain’s entry in to 
the European Community (EC) in 1973. The CAP was designed to provide farmers with 
more stable prices; the EC purchased excess produce in periods of high production, 
storing it in intervention and selling it during periods of low production. The CAP also 
imposed levies on cheaper imports into the EC and export “refunds” allowing surplus 
commodities to be sold competitively on the world market (Donald et al., 2002; Ackrill, 
2000; Fennell, 1997). Farmers had no limit on the quantity they produced and so 
production levels increased to unsustainable levels and the terms ‘wine lakes’ and 
‘butter mountains’ became common place; the cost of storing surplus food was 
€3billion per year (Reinhorn, 2007; Donald et al., 2002).  
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April 1984 heralded the first major changes to CAP and between 1984 and 2000, milk 
quotas and restrictions on grains, oilseeds and beef were put in place to try and halt 
unsustainable production levels (Donald et al., 2002; Lowe et al., 2002; Mahé and Roe, 
1996; Downs, 1991). Agenda 2000 which covered the 2000-2006 period (with a Mid-
Term Review (MTR) in 2003) delivered substantial changes to improve the justification 
of spending public money in the agricultural sector and to improve the environment, 
animal welfare, food quality, landscapes, cultural heritage and develop social balance 
and equity (Gohin, 2005; Burrell, 2004; Fouilleux, 2004; Beard and Swinbank, 2001; 
Swinbank, 1999; Winter and Gaskell, 1998). The Rural Development Regulation (RDR) 
(developed in Agenda 2000) incorporated several existing CAP measures including 
agri-environment, forestry and Less Favoured Area (LFA) payments. The RDR 
invested in modernisation and training with the additional measure of promoting the 
“adaptation and development of rural areas”. Funds were redirected from direct 
payment subsidies to the RDR, known as modulation (Ward and Lowe, 2004; Lowe et 
al., 2002). 
 
From the 1st January 2005, when the MTR took effect, farmers no longer needed to 
sow certain crops or rear specific livestock to receive financial support; effectively 
managing the land and landscape resulted in the same level of payments as producing 
food (Gorton et al., 2008; Schmid et al., 2007). The Single Farm Payment (SFP) was 
introduced, replacing production subsidies; payments were established based on the 
direct payments received, known as historic payments, and gradually moved to a flat-
rate system, where the SFP money is pooled and paid equally on all eligible land 
(Tranter et al., 2007; Burrell, 2004). Following continued pressure to put more 
emphasis on improving the environment instead of production, SFP recipients had to 
comply with 18 compulsory ‘cross-compliance’ measures concerning the environment, 
food safety and animal health and welfare. All agricultural land had to be kept in ‘good 
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agricultural and environmental condition’ in order to receive their full entitlement 
(Schmid and Sinabell, 2007; Burrell, 2004; Ward and Lowe, 2004). Modulation of the 
SFP was set at 3% in 2003, rising to 5% by 2007 for farmers who receive over €5,000 
(Burrell, 2004; Ward and Lowe, 2004); this allowed the RDR to be strengthened and 
new measures implemented to promote the environment, animal welfare and to help 
with adjustments required by farmers to meet new EU standards (Ward and Lowe, 
2004).  
 
The most recent review of CAP (the Health Check in 2008) continued the measures set 
in Agenda 2000 and the MTR to modernise the industry and make it more market 
orientated (European Commission, 2013a). Modulation of SFP continued to be moved 
to the Rural Development Fund and was set to increase to 10% by 2012 for those 
receiving over €5,000 with an additional 4% deducted from payments of over €300,000, 
reducing the support to the largest farms. Provisions were also increased to support 
young farmers in an industry with an ageing population (European Commission, 2009). 
 
1.4.5 Future Policies 
The reforms to CAP post-2013 were agreed in June 2013, in response to challenges 
facing the sector, namely food safety, climate change, growth and jobs in rural areas 
(European Commission, 2013b). New ‘greening’ measures will be implemented with 
this reform and 30% of the rural development programme will have to be dedicated to 
agri-environmental programmes. Direct payments (although in a new format) and 
cross-compliance measures will continue with the modulation limit increased to 15%. A 
gradual cap will be introduced, with a proportion of payments above €150,000 being 
cut and extra help will be given to farmers under the age of 40, with a 25% ‘top-up’ of 
entitlements for five years. According to a statement from the National Farmers Union, 
the reforms will make British farmers less competitive compared with their European 
counterparts and so the livestock sector should consider increasing the importance of 
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disease prevention and control in order to remain profitable (European Commission, 
2013b; Horne, 2013; NFU, 2013). 
 
1.4.6 Food security and climate change  
Food security has been debated by the British government for many years; in the 
1980s it was how to deal with the subsequent over-production by EU farmers and now 
there are concerns over how Britain and the world will be able to feed the ever 
increasing global population. The global population is predicted to reach nine billion by 
2050 and at the same time there is increasing pressure put on the land for non-food 
production activities; Godfray et al. (2010), suggest that urbanisation, soil erosion, 
unsustainable land management, renewable energy and other human activities have 
taken agricultural land out of food production resulting in more food needing to be 
produced on less land, raising food security concerns (Defra, 2010).  
 
The Food and Agriculture Organisation (FAO) of the United Nations estimated that food 
production will need to increase by 70% between 2005/07 and 2050 (FAO, 2009) while 
others suggest that the world will need 70-100% more food by 2050, with an interim 
target of 50% by 2030 (Tomlinson, 2013; Godfray et al., 2010). The FAO goes further 
to say that in the 50 years leading to 2050, more food will need to be produced than 
had been produced in the previous 10,000 years (People and Planet, not dated). Food 
production is not the only concern associated with the growing population; there are 
also issues of climate change and an increasing demand for energy and water 
(Tomlinson, 2013). The British government, in response to the looming food crisis, 
produced ‘Food 2030’ outlining its strategy for a sustainable and secure food system by 
2030. The strategy included informing consumers to make healthy sustainable food 
choices, producing food for a growing global population that is safe, sustainable and 
promotes high standards of animal welfare and transitioning to an efficient low carbon 
food system that reuses, recycles or generates energy from waste (Defra, 2010). 
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Climate change is already affecting food production and its effects will be greater by 
2050. Food production is one of the main contributors to greenhouse gas (GHG) 
emissions, estimated to account for 18% of UK total emissions and 31% of the EU 
emissions (Garnett, 2009). Livestock accounts for 8-10% of the global GHG emissions 
(Anon, 2012); in the UK 7-8% of the nation’s GHG emissions are from the consumption 
of meat and dairy products (Garnett, 2009). The Climate Change Act 2008 requires the 
UK government to reduce UK GHG emissions by 80% from the 1990 level by 2050.  
 
Within the beef and lamb sectors, 90% of emissions are attributable to on-farm 
activities, so farmers will need to address management practices to help meet this 
target (EBLEX, 2012). It was stated by Hopkins and Lobley (2009) that agriculture 
emissions in the UK had fallen by 17% since 1990, suggesting that higher milk yields, 
finishing beef earlier and improving the diet of both dairy and beef had contributed to 
this, as well as a reduction in livestock numbers and less nitrogen fertiliser applied due 
to price rises. One report suggests that reducing inefficiencies in livestock production 
(through achieving higher yields and better daily live weight gains (DLWGs)) will 
decrease GHG emissions. This is because animals grown more efficiently (with a 
higher DLWG) reach slaughter weight and optimal conformation class in less time thus 
reducing lifetime emissions. Effective management of factors that affect growth rates 
and milk production such as disease will mean that producers can maintain a profitable 
herd with reduced emissions and replacement costs, as stock are kept in a better 
health and welfare state (Anon, 2012). The ‘Food 2030’ strategy suggests that 
improving livestock management and fertiliser use as well as better slurry management 
could reduce GHG emissions from agriculture by three million tonnes in England by 
2020 (Defra, 2010). 
 
Consumers can also help reduce agricultural GHG emissions by reducing the level of 
food waste. Godfray et al. (2010) states that approximately 30-40% of food is wasted in 
 
14 
 
both developed and developing countries; in the UK, 18-20 million tonnes of food waste 
is produced each year, with households accounting for the largest proportion of this 
figure (8.3 million tonnes) equating to a cost of £12 billion (Defra, 2010). This is putting 
increased strain on the agricultural industry to keep up with demand and with meat 
making up seven per cent of household food waste, more cattle have to be kept to 
meet demand, putting increased pressure on land and resources and raising GHG 
emissions (Defra, 2010). 
 
The Healthy Livestock project business plan emphasised the need for the disease 
levels of cattle in the South West of England to be reduced, not only to improve the 
profitability of farms through lower veterinary and medicine costs but also to increase 
production levels, which would result in fewer replacement livestock being required 
thus reducing GHG emissions and their impact on the environment and resources 
(RBS, 2009). 
 
Up until now the focus of this study has been very broad, outlining the current position 
of the UK beef and dairy industries and how European support has defined the current 
agricultural system. This led into future challenges the industry may encounter with 
reforms to the CAP being implemented in 2015 and the continuing concerns over 
climate change and food security. The focus will now move towards animal health and 
disease control measures implemented in the UK and abroad, briefly looking at the 
relationship between farmers and their veterinarians and finally discussing the main 
focus of this study: Bovine Viral Diarrhoea.  
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1.5 Disease prevention and control on UK cattle farms 
The cost to UK farmers and the country’s economy from cattle diseases is substantial. 
In a Department for Environment, Food and Rural Affairs (Defra) commissioned study 
by Bennett and Ijpelaar (2003), establishing the direct cost of 34 livestock diseases, 
their human health and animal welfare implications. A mix of scientific literature and 
surveys of experts on the diseases were used to determine the values of variables 
within the model, and expert survey results compiled with number of livestock affected 
for the welfare score; similarly the human health implications were established again 
using survey results and human health costs e.g. days of work, treatment costs. 
 
The study found that Johne’s disease cost £0.8million, Infectious Bovine 
Rhinotracheitis (IBR) £6.0million, leptospirosis £11million, BVD £39.6million (made up 
with disease effects £36.6m, control costs £1.8m and monitoring costs £1.2m), 
lameness £53.5million and mastitis £179.7million. These figures demonstrate the 
impact disease has on the profitability of the cattle industry, but these diseases also 
have animal welfare implications. In the Animal Health and Welfare Strategy for Great 
Britain, Defra (2004) emphasised that “prevention is better than cure”, explaining that 
animals are healthier and have a lower risk of contracting and spreading disease if they 
are properly cared for and welfare standards are adhered to, suggesting that herd 
health planning is a good tool for addressing livestock health and welfare. The 
development of herd health management approaches to disease prevention and 
control, as well as changes in the relationship between farmers and their veterinarians 
and greater emphasis on farmer/farm worker/stockpersons’ training have allowed the 
industry to ‘fight back’ against disease and better place themselves to eradicate and/or 
control disease on their farms; this is important for the sustainability of the industry as 
subsidies are reduced in the future. 
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1.5.1 Herd health management 
Herd Health Management (HHM), sometimes referred to as herd health and production 
management (HHPM) (Noodhuizen and Wentink, 2001) is a concept increasingly being 
adopted by farmers globally. It has increased in importance since the 1960s and 
1970s, when the emphasis of animal welfare and treatment moved from treating 
individual sick animals to the prevention and control of disease at a herd level as a 
result of many factors, most notably increasing herd size, reduced profitability and the 
increased media attention concerning animal welfare and food safety (Derks et al., 
2012; da Silva et al., 2006; Noodhuizen and Wentink, 2001; Noordhuizen, 2001; 
Frankena et al., 1994; Cote, 1980; Barfoot et al., 1971). LeBlanc et al. (2006) define 
health management as the promotion of health, improvement of productivity and 
prevention of disease in animals, whilst also recognising animal welfare, food safety, 
public health and environmental sustainability. Frankena et al. (1994) simply state that 
HHM’s overall aim is to increase farm profits by increasing productivity and reducing 
costs. Higgins et al. (2013) agree and suggest that veterinarians are ideally placed to 
help dairy farmers to prevent and control disease levels on the farm, and is backed by 
other authors (da Silva et al., 2006; Barfoot et al., 1971; Noordhuizen, 2001; Derks et 
al., 2012).  
 
A key element of HHM is a herd health plan (HHP). This is a document that states the 
protocol the farm will use to monitor, treat and prevent health problems, ensuring a 
high standard of welfare of the animals whilst being cost effective to the business (Hall 
and Wapenaar, 2012; Sibley, 2000; Atkinson and Neale, 2008; Bell et al., 2006). Sibley 
(2000) explained a universal control plan for all dairy farms would not work as each 
farm operates differently and so for the plan to have the desired effect, it must be 
tailored to each farm’s system and each farmer’s aspirations for the herd’s health 
status and productivity, e.g. some farmers want their cows to produce 10,000 litres per 
lactation while others may only aim for 8,000 litres, using the knowledge and 
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experiences of the farmer and veterinarian (Noodhuizen and Wentink, 2001). For a 
HHP to be successful it must be applied on the farm. Atkinson and Neale (2008) 
suggest for this to happen, they should be simple and practical and not a long and 
complex document. Down et al. (2012) described HHM as a continual process of 
veterinarian farm visits, data analysis, and feedback with the farmer and/or farm staff; 
several authors agree that reviewing plans is vital in the process as new diseases are 
identified, risks established, knowledge and treatments advance and farm systems 
altered (Atkinson and Neale, 2008; Bell et al., 2006; da Silva et al., 2006; Sibley, 2000). 
Bell et al. (2006) found that 87 per cent of dairy herds in their study had some kind of a 
herd health plan, showing that the majority of farmers could see the benefit of having 
them in place on their farm. 
 
There are certain elements that need to be included in a HHP; Bell et al. (2006) 
summarise these as planning, implementation, and evaluation. Noordhuizen (2001) 
illustrated the protocol veterinarians should use in the process of developing a herd 
health plan. Both emphasise the need to continually review the whole plan as well as 
individual elements, if it is to be successful (Bell et al., 2006; Noordhuizen, 2001). 
 
1.5.2 Risk based approach to disease control 
Noordhuizen (2001) states that risk management on dairy farms became increasingly 
important in the late 1990s; this author also shows that risk factors are a key 
consideration for preventative actions of a control plan. Orpin and Sibley (2009) went 
further and developed the ‘Four Pillars’ structure (Figure 1.1). 
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Figure 1.1:  Infectious disease principles – the four pillars 
Source: Orpin and Sibley, 2009  
 
They suggest that all four of these pillars must be in place and working effectively for 
the disease status to be maintained. If any one of these is compromised, the whole 
system will collapse and the disease status of the herd will be put at risk. These four 
pillars are now discussed in more detail.  
 
Biosecurity is preventing disease entering the herd, which can include sourcing cattle 
from disease free herds and quarantining any purchases to test for disease prevalence 
before entering the herd (Orpin and Sibley, 2009). Biocontainment and control is 
controlling the disease after the herd is infected, preventing it from spreading within the 
herd; this can be achieved by not mixing groups of cattle to minimise the spread risk 
between groups and removing infected animals from the herd (Orpin and Sibley, 2009).  
 
Surveillance is the monitoring and measuring of disease levels of the herd, which can 
be achieved by identifying the presence of pathogens through laboratory analysis and 
the effect the pathogens are having on the herd i.e. reduced productivity, weight loss 
etc. (Orpin and Sibley, 2009). Resilience or immunity assesses the herd’s ability to 
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withstand the effects of the disease including the presence of natural immunity. For 
many diseases, a vital element of its control is vaccination; however, this element of 
the ‘four pillars’ assesses the herd’s requirements for vaccination, depending on the 
herd’s objectives for disease status. This could be the vaccination of target animals, 
only vaccinating breeding animals, no vaccination despite risks being present and no 
vaccination required as the herd is not at risk of infection (Orpin and Sibley, 2009). 
 
1.5.3 Diseases controlled through risk based approach 
Control programmes of livestock disease using risk-based management have been 
used worldwide to control and eradicate disease. The UK has successfully eradicated 
diseases through this approach including Brucellosis, Warble fly and Foot and Mouth 
Disease. In studies by Kudahl et al. (2007) and Groenendaal et al. (2003), it was found 
that the most successful disease control strategies focussed on management practices 
that reduce the transmission of the disease; test-and-cull strategies alone do not 
decrease disease prevalence. Benjamin et al. (2010) suggest that when producers are 
positive about a control programme, their success will be improved and found that 
farmers who already used their veterinarian for HHM were more receptive to the long-
term involvement and changes in management practices required. 
 
This section will consider how the management of risk factors has been used in two 
examples of disease control or eradication programmes around the world. The first is 
the ‘Brucellosis and Tuberculosis Eradication Campaign’ in Australia which 
demonstrates a long term, successful risk management approach to disease control 
and eradication which was in place for over twenty years. The second programme is 
‘Operation Paratuberculosis’ in Denmark; this programme was the basis for the Healthy 
Livestock Johne’s disease work strand, which had a very similar structure to the BVD 
work strand.  
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1.5.3.1 Brucellosis and Tuberculosis Eradication Campaign - Australia 
Australia was under pressure to control bovine tuberculosis (bTB) so as not to lose its 
very lucrative meat and dairy export market. In 1970, the Brucellosis and Tuberculosis 
Eradication Campaign (BTEC) was launched on a national basis (Radunz, 2006; 
Cousins and Roberts, 2001). The majority of the southern parts of Australia had the 
status Potentially Free Area by 1975, leaving the challenging extensive pastoral 
regions of central and northern Australia to achieve tuberculosis eradication (Radunz, 
2006). BTEC used a combination of surveillance and risk management to achieve ‘TB 
Free Area’ status in December 1997 (Cousins and Roberts, 2001).  
 
‘Test and cull’ was the key component of this campaign with all cattle injected with 
tuberculin and the reading taking place 72 hours later; any animal that reacted to the 
tuberculin was slaughtered, removing the risk of re-infection to the rest of the stock. 
Any animals that had been in contact with an infected animal were either destroyed or 
underwent additional surveillance testing as they were ‘at-risk’ of becoming infected 
(Radunz, 2006). In conjunction with this approach, abattoir monitoring took place; 
trained personnel inspected carcases for lesions typical of those associated with bTB 
infection (Radunz, 2006; Cousins and Roberts, 2001). Samples from all reactors and 
suspected carcases were analysed to confirm the presence of bTB. Each animal 
leaving a farm was given a tail tag, which showed the animal’s holding, state/territory of 
origin and a unique identification number. Tail tagging allowed a trace-back system to 
be implemented, so previously uninfected holdings could be retested if bTB was found 
at the abattoir (Cousins and Roberts, 2001). Older animals were culled without testing 
due to their increased risk of infection and reduced sensitivity to the tuberculin test. The 
age was set at eight years and older; however, on high prevalence herds (3+%), the 
age was reduced to five years (Radunz, 2006; Cousins and Roberts, 2001). 
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Challenges had to be overcome and management changes, such as whole herd 
mustering and holding the cattle in yards for the testing period had to be made in the 
central and northern regions for national eradication to be achieved. The geography, 
distances involved (1-1.5 million acre farms were not uncommon) and climate were all 
obstacles that had to be worked with. Grants were made available to install suitable 
handling and holding facilities for the tuberculin testing, as the infrastructure was poor 
on many farms. The difficulty in whole herd mustering and the large scale tests (the 
average herd size was 20,000 head) was overcome with the use of helicopters, also 
helping those on horseback identify the location of cattle, move them towards holding 
pens and also checking areas for rogue animals. On top of this, the infection present in 
the buffalo population had to be dealt with in the same way as the other cattle (Radunz, 
2006; Cousins and Roberts, 2001). 
 
Depopulation of farms or areas was used as an ultimate precaution for the removal of 
infection. Depopulation occurred on farms where residual infection could not be cleared 
and where the Approved Property Program was not followed (a legally binding 
document setting out a five year plan for testing and management on individual farms). 
Any cattle that could not be mustered due to their location or unwillingness to be 
herded were destroyed by helicopter marksmen (Radunz, 2006; Cousins and Roberts, 
2001). To help round up any ‘stragglers’ and wild cattle, an animal fitted with a radio-
transmitter collar (known as a Judas cow) was used. As cattle are herd animals these 
Judas cows inevitably found other animals which were captured or shot by marksmen; 
this continued until all animals were removed from the area. It would have been 
impossible to clear all wild cattle (and potential reservoirs of infection) if this technique 
had not been used (Cousins and Roberts, 2001). 
 
Australia was fortunate to not have any wildlife hosts of infection. Water buffalo had an 
estimated bTB prevalence rate of 15% (Cousins and Roberts, 2001). Many were 
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located in inhospitable areas that could not be managed, making testing impossible. A 
destocking programme was implemented which culled 30-40,000 water buffalo 
(Cousins and Roberts, 2001). 
 
From 1992 the National Granuloma Submission Program (NGSP) was implemented, 
with the aim of increasing the effectiveness of abattoir monitoring. Abattoirs were 
encouraged to submit all granulomas (inflammation formed when immunity tries to fight 
infection) to laboratories for analysis. Cousins and Roberts (2001) state that from 1992, 
75% of new cases of TB were found through the NGSP. 
 
Cousins and Roberts (2001) stated that this was the largest and most expensive 
livestock disease control programme Australia had ever undertaken, costing up until its 
completion in 1997, $850 million. Lahane (1996) explained that if the individual 
producers spending for extra mustering and property improvements for testing etc. 
were included the cost escalated to nearer $1 billion. However, with the meat and dairy 
export market worth billions of dollars each year to the Australian economy, this was an 
essential cost for the Australian cattle industry. 
 
1.5.3.2 Operation Paratuberculosis - Denmark 
In February 2006 the voluntary control programme “Operation Paratuberculosis” (OP) 
was launched to Danish farmers by the Danish Cattle Federation, a risk-based control 
strategy for Paratuberculosis (Johne’s disease). The aim of OP was to control 
infections and reduce the prevalence of the disease through improved management 
practices to reduce the exposure of the calf to contaminated faeces and colostrum 
(Nielsen and Toft, 2011; Kudahl et al., 2008; Nielsen, 2007).  
 
Under OP all lactating cows were tested using milk antibody ELISA four times per year. 
The cows were grouped into one of three categories using these results:  
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1) “Red cows” – two or more consecutive positive results, these are high risk cows that 
are recommended to be culled.  
2) “Yellow cows” – one positive result in the last four tests, these are high risk cows not 
recommended to be culled.  
3) “Green cows” – all negative results, these are probably non-infectious cows (Kudahl 
et al., 2008).  
This programme recommended that the cows should be managed differently, using a 
risk-based approach to managing the cows depending on their risk status, reducing 
time and cost to the farmer (Nielsen, 2007). Green cows needed no additional 
attention. High risk yellow and red cows needed enhanced management to reduce the 
risk of transmitting the bacteria to calves. Yellow cows had to be calved in clean 
designated calving pens, with the calf taken away within two hours of birth; the calf 
could be fed colostrum from a low risk cow. The pen had to be cleaned before being 
used for the next cow. It was recommended that red cows were culled before their next 
calf; if the cow was in late gestation, culling was not an immediate option; and so the 
cow had to be calved using the same management as yellow cows and the calf reared 
away from replacement breeding heifers, fattened and culled (Kudahl et al., 2008; 
Nielsen, 2007). 
 
As well as the milk testing, a risk assessment was carried out by the farmer and 
advisor to establish farm-specific risk factors (Nielsen, 2007). Using the test results and 
the risks identified from the risk assessment, a plan was developed suggesting 
changes to management and housing systems, reducing the transmission of the 
bacteria from infectious animals (Kudahl et al., 2008; Nielsen, 2007). 
  
The control measures had to have been in place for four to eight years before any long 
term effects could be identified, due to the long incubation period of the bacteria 
(Nielsen and Toft, 2011; Nielsen, 2007). At the time of writing, the success of this 
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control programme was unavailable. Nielsen and Toft (2011) carried out a 
questionnaire survey of participating farms in 2008 (two years into the programme) and 
concluded that culling of the highly infectious “red cows” could be attributed to the 
decrease in prevalence, but there was not enough information to link the use of waste 
milk from highly infectious cows to the disease prevalence. Longer term studies were 
needed to identify the actual contribution risk management had on disease prevalence 
(Nielsen and Toft, 2011).  
 
1.6 Farmer/veterinarian relationship towards herd health management 
In control and eradication programmes including ‘Operation Paratuberculosis’ and 
Healthy Livestock, education and knowledge transfer to farmers is key to their success. 
In many cases it is the veterinarian who is best positioned to deliver this information 
and training. However, the farmer/veterinarian relationship can be a barrier to their 
inclusion in such programmes (Hall and Wapenaar, 2012; da Silva el al, 2006). Most 
research in to this topic has addressed the dairy sector and there is little research into 
the relationship of veterinarians with their beef clients. 
 
The farmer/veterinarian relationship has changed over the past decades (da Silva et 
al., 2006), moving from the traditional treatment of individual sick animals as a ‘fire 
brigade’ measure, to help solve a problem once it had occurred, to developing an 
advisory role in the form of Herd Health Management (HHM) to improve the health of 
the whole herd before a problem develops (Derks et al., 2012; Hall and Wapenaar, 
2012; Kristensen and Jakobsen, 2011a; Lam et al., 2011; Benjamin et al., 2010; Mee, 
2007; LeBlanc, 2006). This shift has not been easy and both parties are still adjusting 
and evolving to the changes.  
 
Farmers do not always recognise that veterinarians have the knowledge or ability to 
give advice on whole herd management and often prefer to use other external sources 
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such as nutritionists and cattle foot trimmers for advice on dietary and lameness issues 
respectively (Derks et al., 2012; da Silva el al, 2006). At times veterinarians are over 
confident in their knowledge and ability to advise (da Silva el al, 2006), Lam et al. 
(2011) and Mee (2007) disagree with this and suggest some veterinarians find it 
difficult to take this step as they are unsure of their ability and knowledge in convincing 
farmers of the economic benefits of investing in HHM. Derks et al. (2012) suggest that 
veterinarians do not always explain the benefits the advice will have on the business, 
and try to give too much information in one go, overwhelming the farmer who will then 
not change any management practices.  
 
Due to this many authors have stated that veterinarians must invest in their own 
knowledge (Hall and Wapenaar, 2012; Mee; 2007; da Silva el al, 2006; LeBlanc et al., 
2006) and da Silva et al. (2006) goes further to say they must also develop their skills 
in new disciplines e.g. management of enterprises and farms, business administration 
principles, communication skills and herd health and production management. LeBlanc 
et al. (2006) explained it is essential for veterinarians to have knowledge transfer skills 
as well as good knowledge of the subjects they are advising on. Atkinson (2010) points 
out “having the knowledge without the ability to communicate it is like having a 
computer without a screen – useless”.  
 
Kristensen and Jakobsen (2011b) see it differently and say that veterinarians should 
not simply transfer their knowledge to the farmer, but convert their information and 
knowledge into concepts understood by the farmer. Through understanding the aims of 
the business they should stimulate, empower and qualify the farmer; allowing them to 
make informed decisions and achieve their own idea of success. 
 
Many veterinarians have struggled with this new role, assuming that if a farmer has 
asked them for their advice, the farmer will follow everything exactly (Kristensen and 
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Jakobsen, 2011b). This has not always been the case, leading to demotivation for both 
the farmer and veterinarian as the expected results had not been achieved (Kristensen 
and Jakobsen, 2011b; da Silva el al, 2006). In a study carried out by Derks et al. 
(2012), it was found that the main reasons for not following the veterinary advice given 
in the HHM was that it did not fit into the daily work routine (44%), the advice was of an 
unpractical nature (36%) or the farmer considered the advice useless (20%). For these 
reasons, veterinarians must understand the goals of the farm and give advice based on 
the most suitable outcome for these goals at the least cost (da Silva el al, 2006) and 
view the farm as a system of integrated activities, and not focus on just one element 
(Lam et al., 2011). Mee (2007) found that the main reasons given by veterinarians for 
not having a HHM role was the small size of the practice and clients lacking motivation. 
 
One of the biggest challenges for veterinarians to overcome has been communicating 
with the farmer. When a sick animal is treated the problem is clear and the results 
visible very quickly; however with HHM the problem may not be apparent to the farmer 
and it is the veterinarian’s role to educate the farmer of the economic benefits of 
prevention. Veterinarians should consider individual sick animals as an indicator of a 
whole herd problem e.g. acetonaemic and acidotic cows could indicate nutritional and 
metabolic problems at calving for the fresh calving cows (da Silva el al, 2006). 
Veterinarians need to consider the advice they are giving and be aware that it must be 
practical and achievable in the time scale given and advice should be prioritised to 
avoid the farmer being overwhelmed with information (LeBlanc et al., 2006). In some 
cases it may be useful for veterinarians to work with other professionals such as 
nutritionists to overcome metabolic disorders; however this will only be useful to the 
farmer if all parties give the same message (Lam et al., 2011; Jansen et al., 2010).  
 
Increasingly as a more proactive approach to animal health planning develops, farmers 
are more often paying for advice or knowledge to improve health, rather than to treat 
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disease, and it should be seen as an investment and a fixed cost, not a variable cost. 
The veterinarian must prove the value-added benefits of the advice (Mee, 2007; da 
Silva el al, 2006). 
 
1.6.1 Farmer behaviour and motivators towards changes to livestock 
management 
Disease control and eradication programmes require changes to elements of the 
management of livestock before disease prevalence levels decrease. In order for these 
changes to take place, farmers need to make behavioural changes. This is a very 
complex area with many studies carried out to identify motivators for change, 
behavioural characteristics and decision-making concepts for farmers (Jansen et al., 
2012; Kristensen and Jakobsen, 2011b; Ellis-Iversen et al., 2010; Jansen et al., 2010; 
Edwards-Jones, 2006; Kilpatrick and Johns, 2003), some of these will be briefly 
discussed. 
 
Before behavioural changes can take place with regard to disease control, farmers 
need to perceive disease as a problem; without this, there is no motivation to change 
(Lam et al., 2011). Farmers also need to be educated to make changes to their 
management practices to reduce disease prevalence; this can be a difficult step to 
make. Farmers do not like change and must be completely convinced that specific 
changes will benefit the livestock and business before they are made. Often these 
benefits will not be realised for weeks, months or even years; initially losses may be 
seen, but it is vital that farmers are encouraged to see the ‘bigger picture’ and when the 
losses should be recovered (Noordhuizen et al., 2008).  
 
Some farmers can be seen as ‘hard to reach’ if they do get involved in disease control 
and eradication programmes, with some believing they are uninformed and unwilling to 
learn. A study in to hard-to-reach farmers by Jansen et al. (2010), however, shows that 
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this is not always the case, and categorised the ‘hard-to-reach’ farmers into four types, 
depending on the farmer’s orientation towards the external world and trust in external 
relationships, Figure 1.2. 
 
Figure 1.2: Different types of hard-to-reach farmers based on 24 qualitative, 
semi structured interviews 
Source: Jansen et al., 2010 
 
All of these farmers can be ‘reached’ with information, however they are responsive to 
different sources of information and have different reasons for not participating. The 
proactivists said they had a positive relationship with their veterinarian, but often 
disagreed with information they were given, stating that the internet was an important 
source of information for them. The reasons they gave for not participating in disease 
control programmes was they were not having any problems, were too busy and 
already knew enough about the disease (Jansen et al., 2010).  
 
Do-it-yourselfers are very critical of external information, preferring instead to rely on 
their own knowledge and experiences, reading farm magazines to gain new information 
with some using the internet as well. This group has little contact with their 
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veterinarians and see the cost of herd health visits as a reason for not participating 
(Jansen et al., 2010).  
 
Wait-and-see-ers are open to advice from others, but rarely search for information or 
makes changes to the management of the farm under their own initiative. They have a 
good relationship with their veterinarian, gathering their information from farm 
magazines and rate highly the information received through the post (Jansen et al., 
2010).  
 
Reclusive traditionalists are very inward orientated and dislike interference from 
outsiders, preventing visits from veterinarians and advisors as much as possible, as 
they are thought to have hidden money-making agendas. This group do not have 
regular herd health visits from their veterinarians, stating cost as the biggest barrier. 
Farm magazines are their source of information which are generally read thoroughly 
and appreciated (Jansen et al., 2010).  
 
By tailoring information and support for each group all farmers can be reached; some 
will be more difficult than others (reclusive traditionalists the most difficult), with some 
needing one-to-one contact with veterinarians and encouragement to appreciate the 
benefit of the changes (proactivists and wait-and-see-ers), while others will benefit from 
information being printed in farm magazines, receiving newsletters or available on the 
internet (do-it-yourselfers, reclusive traditionalists and proactivists) (Jansen et al., 
2010). 
  
Jansen et al. (2012) explain that there are compulsory and voluntary motivators behind 
behavioural changes. Compulsory motivators are changes that must be made beyond 
the farmers control e.g. regulations and laws; the effect of the changes usually only last 
as long as the incentive is in place. Voluntary behavioural changes occur through 
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internal and external motivators; internal motivators include age, lifestyle, education 
and character and are very difficult to influence. External motivation has the best effect 
in a disease control programme, but is often underestimated. The decisions and 
choices farmers make can have a far reaching impact on areas such as environmental 
protection, rural sustainability and public health and these need to be understood by 
the veterinarian when discussing control options (Ellis-Iversen, et al., 2010).  
 
Decisions made by farmers can be based on rational issues but also non-rational 
arguments, with factors such as perceptions, impressions, emotions, attitudes, motives, 
and preferences influencing their choice of behaviour (da Silva et al., 2006). Ellis-
Iversen et al. (2010) states that younger farmers and those with larger farms are more 
likely to be motivated to implement a control programme than older farmers and 
smaller family-run farms. These influences and the behavioural changes required to 
implement disease control measures need to be taken into account by veterinarians 
when carrying out herd health advice to be able to communicate with and support their 
farmers and to have the greatest impact on disease prevalence (Ellis-Iversen, et al., 
2010; da Silva et al., 2006). 
 
There is no ‘one size fits all’ approach available to communicating to farmers; an 
understanding of the individual farmer in question is needed to be able to get specific 
messages across. When veterinarians work with farmers on HHM, they need to be 
aware of this and have a range of actions and communication strategies on hand to 
encourage to farmer to take the necessary actions required to achieve the desired 
results (Jansen, et al., 2012).  
 
1.7 Bovine Viral Diarrhoea virus 
Bovine Viral Diarrhoea (BVD) is a single stranded ribonucleic acid (RNA) virus that is 
endemic to cattle. The virus is caused by a Pestivirus of the Flaviviridae family (Walz et 
 
31 
 
al., 2010; Smirnova et al., 2008) and is very similar to the viruses that cause swine 
fever in pigs, border disease in sheep and Hepatitis C in humans (Reichel et al., 2008). 
BVD was first described as X disease in 1946 by Childs, a veterinary surgeon in the 
Saskatchewan province of Canada (Childs, 1946), and is now found globally (Lindberg 
and Houe, 2005). This is a very complex disease which causes significant economic 
losses to both the beef and dairy industries (Greiser-Wilke et al., 2003) due to the 
effects it has on reproduction and the health of the cattle infected (Fray et al., 2000; 
Gunn et al., 2005; Houe, 2003). After carrying out studies on the cost of this disease to 
their cattle industries, many European countries have introduced control programmes 
to either reduce or eradicate the disease (Greiser-Wilke et al., 2003). 
 
In 2010, the Rural Business School at Duchy College, Cornwall began the delivery of a 
three-year part-funded initiative for cattle farmers in the South West of England to work 
with their vets to control BVD (Healthy Livestock, 2010). This initiative followed on from 
the pilot scheme run in Somerset by Booth and Brownlie (2011). 
 
1.7.1 Symptoms and Spread 
BVD is a very complex disease that has taken scientists several decades to 
understand. Although the name suggests this is a gastrointestinal disease, the 
pathogen affects many organ systems and while it is endemic to cattle, it is not 
confined to this species; it has also been described in Sheep, Goats, Pigs, Bison, 
Alpacas, Llamas among others (Walz et al., 2010). Infected animals can display a 
range of symptoms including, but not exclusively, scouring, infertility, abortions, poor 
semen quality, weak and sickly calves, reduced growth rates and poor milk production 
(Gunn, et al., 2005; Valle et al., 2005; Houe, 2003; Fray et al., 2000).  
 
There are two biotypes of BVD: non-cytophathic (NCP) and cytophathic (CP) (CP is a 
rare mutation of NCP), both of which can be sub-divided into two genetic groups: 
 
32 
 
genotypes 1 and 2 (Fray et al., 2000; Walz et al., 2010). It is the two NCP strains that 
induce persistent infection by crossing the placenta from dam to foetus during the first 
trimester. The number of days of gestation that the foetus is immune-incompetent and 
can become persistently infected (PI) varies from the first 110 days of the gestation to 
150 days (Booth and Brownlie, 2011; Smirnova et al., 2008; Brock, 2003). During this 
stage, embryo death or early abortion may occur; if the foetus survives and the calf is 
born alive, it will be PI. 
 
Vets advise that all PI animals are slaughtered to avoid the virus spreading (Booth and 
Brownlie, 2011). This is because during early pregnancy the lymphocytes are unable to 
recognise foreign bodies resulting in the virus being accepted as part of the foetus and 
so are unable to produce antibodies against them (Walz et al., 2010; Fray et al., 2000;). 
Cows that become transiently infected with BVD in the second trimester of pregnancy 
will produce a calf with congenital defects (or still birth). These can include cataracts 
and anomalies to the nervous system making it difficult for the calf once born to stand 
and walk, the calves will often suffer from tremors, and will often die or be euthanized 
(Grooms, 2004).  
 
During the final stages of gestation (125-285 days), the immune-competence of the 
foetus is complete and if infected with BVD it is able to recognise that the virus is 
‘foreign’ and will mount an immune response and eliminate the virus from its body. This 
will mean that the calf will be born ‘normal’ and have a natural long term immunity to 
the virus. These calves, however, are twice as likely to become ill during the first ten 
months of life than those born free of BVD (Grooms, 2004). PI cattle can develop the 
fatal Mucosal Disease if they are superinfected with a strain of CP that is homologous 
to the NCP strain already persistently infecting the animal; death usually occurs by 24 
months of age (Larska et al., 2013; Goens, 2002; Fray et al., 2000). 
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PI cattle shed high levels of the virus continuously throughout their lives. Animals 
exposed to the virus become immunosuppressed, resulting in them being more 
susceptible to other diseases such as respiratory diseases e.g. pneumonia and enteric 
pathogens (Fray et al., 2000). Cattle that are infected post-birth can become acutely 
infected and shed the virus themselves for about two weeks, before developing a long 
term immunity to the virus; these cattle are known as transiently infected (TI) (Larska et 
al., 2013). Naive cows that are infected by BVD during the early stages of pregnancy 
will develop immunity to the virus but give rise to a PI calf, as described earlier 
(Smirnova, et al., 2008). The spread of BVD into and within herds, is most commonly 
attributed to PI animals (Fray et al., 2000). 
 
PI animals have historically been kept as ‘vaccinators’ with the non-pregnant females. 
By exposing these individuals to the virus they sero-convert and develop immunity to 
the virus. These animals are then considered ‘safe’ and will not produce a PI calf. This 
practice is no longer recommended as there are no certainties that the PI animals will 
not come into contact with the breeding herd, infecting non-immune early pregnant 
cows and therefore exacerbating the spread of the virus (Lindberg and Houe, 2005; 
Brownlie et al., 2000). Larska et al. (2013) and Houe (1999) state that the level of 
persistently infected cattle in a non-vaccinated herd will reach a maximum level of 1-
2% with between 60 and 85% being antibody positive. 
 
Although PI cattle are the most common route of transmission within and between 
herds, the virus can also be spread by transiently infected cattle and biological objects 
such as contaminated pens, dung, urine and people, bovine sera, rectal examination, 
fluids from embryo transfer, infected semen and contaminated vaccines (Niskanen and 
Lindberg, 2003; Fray et al., 2000). Niskanen and Lindberg (2003) found that the virus 
could be passed to naïve animals through contaminated vaccine; a vaccine bottle was 
contaminated with a nasal swab from a PI animal on the membrane of the bottle and 
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then punctured twice allowing the virus to enter the bottle, both calves vaccinated from 
this bottle became infected with the virus, demonstrating how easily it can be spread 
between animals. Experimental studies have shown that among other equipment, nose 
tongs have transmitted the virus from one farm to another; the time between each farm 
was very short, meaning it is only of minor importance when looking at methods of 
transmission between farms (Lindberg and Houe, 2005). 
 
Animal Health Ireland (2014), however, stated that the virus is fragile and infectivity will 
be lost after three to four weeks outside of the animal, but cold, damp and dark 
conditions will aid the virus’ survival. In a study by Bøtner and Belsham (2012), it was 
found that the virus could remain infective in cattle slurry for up to three weeks at 5⁰C; 
this reduced to three days when the slurry was heat-treated to 20⁰C, and three hours 
when the temperature was increased 35⁰C. Heat treatment of slurry is not common 
practice on farms in the South West of England, and so the ambient temperature would 
impact on the infective period of the BVD virus. The Met Office shows the average 
temperature for the South West region for 1981-2010 as being approximately 7-8⁰C in 
winter and 19-20⁰C in summer, annually the average temperature was 13-14⁰C (Met 
Office, not dated), this would suggest that the infective period of the BVD virus once 
spread would be between three days and three weeks.     Lindberg et al. (2006) also 
state that injectables e.g. needles can be carriers for transmitting the disease and it 
should be taken into consideration by vets and other professionals when moving 
between herds. Experimental models have demonstrated the airborne transmission of 
BVD up to ten metres from a PI animal. This has a significant impact on how BVD is 
tested for on- farm, and also the biosecurity between neighbouring premises (Niskanen 
and Lindberg, 2003). 
 
In a study conducted by Stevens (2009) the survival of the BVD virus on materials 
associated with livestock production was identified (see Table 1.2).  
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Table 1.2: The probability of BVD virus survival on materials associated with 
livestock production. 
Material 
Mucus viral suspension Phosphate Buffered Saline 
(PBS) viral suspension 
1 hour 6 hour 48 hour 1 hour 6 hour 48 hour 
Paper 94% 39% <7% 62% 7% <7% 
Latex 98% 70% 20% 85% 20% 3% 
Rubber 89% 25% <4% 46% 4% <4% 
Pine (not 
treated with 
preservative) 
31% <2% 8+ 
hours  
<1% 
5% <2% 8+ 
hours  
<1% 
Galvanised 
metal 
22% <2% 8+ 
hours  
<1% 
3% <2% 8+ 
hours  
<1% 
Enamelled 
metal 
89% 25% <4% 46% 4% <4% 
Soil 48% <4% 8+ 
hours  
<1% 
9% <4% 8+ 
hours  
<1% 
Phosphate 
Buffered 
Saline 
95% 43% <8% 66% <8% <8% 
Water 98% 64% 16% 82% 17% 2% 
Source: Stevens, 2009 
 
It was found that the virus remained active the longest on latex and in water with a 20% 
and 16% chance of survival respectively at 48 hours when suspended in mucous viral 
suspension. This finding is important as cattle share water troughs which could spread 
the virus within the herd and streams that flow through more than one farm would have 
the potential to spread the virus from one farm to the next. Latex gloves are often used 
by veterinarians and farmers to reduce the spread of disease; however this study 
shows that it could be having the opposite result, considerations should be given to the 
need to change gloves between cows in order to prevent/reduce the spread of the 
virus. At six hours after contacting the BVD virus, there was a 39% and 25% chance of 
virus survival on paper and rubber material. These materials are also important to note 
as most wellington boots worn on farms are made of rubber and it is commonplace for 
paper to come into contact with cattle at some point, e.g. to record cattle weights or 
during medicine use (Stevens, 2009). 
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Much research concentrates on the role of the female in spreading the virus to calves 
in the womb (Berends et al., 2008; Smirnova et al., 2008; Moen et al., 2005; 
Santarossa et al., 2005; Mainar-Jaime et al., 2001; Grooms et al., 1998); however, PI 
bulls can also spread the virus through their semen. Some PI bulls are able to produce 
semen that tested negative for the virus; however these are often associated with poor 
fertility. Transiently infected bulls also shed the virus in their semen, although at a lower 
level than PI bulls; prolonged excretion of infected semen can occur after the bull has 
become immune (AHVLA, 2012). Artificial insemination (AI) centres must ensure that 
the bulls they are collecting from are virus-free as this is one way that naive and closed 
herds could come into contact with the virus. Caution also needs to be taken if using a 
hired bull; these should be certified as BVD free before bringing onto the farm and also 
quarantined before introducing to the herd, in case they have an undetected acute 
infection (Fray et al., 2000). 
 
There are many ways in which a naïve herd can come into contact with the BVD 
infection; the most common method is by purchasing a PI animal or a cow that is 
pregnant with a PI calf, (a transiently infected cow infected during early pregnancy). 
However, nose-to-nose contact with an infected animal is a considerable risk including 
situations such as grazing cattle on pasture neighbouring another herd, straying 
animals, common grazing and through cattle returning from shows and markets 
(Barrett et al., 2011). The 2014 Kingsbridge show, a one day show in South Devon is 
one of the first shows in England to ban animals from being shown unless they have a 
veterinary certificate to prove they are not PI animals and they have undergone the 
primary course of vaccination prior to being entered into the show (Kingsbridge Show, 
2014). An attendee at the show stated that the cattle numbers were down compared 
with the 2013 show; however, this is a positive step in the direction of BVD control and 
eradiation.  
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1.7.2 Economic losses 
Livestock diseases are known to cause huge economic losses to the agricultural 
industries around the world, and so studies have been carried out to establish the cost 
and benefits of implementing control programmes (Bennett, 2003). BVD has no known 
zoonotic properties and so in the UK does not have a high public awareness like other 
diseases such as tuberculosis (TB) and bovine spongiform encephalopathy (BSE); 
however it is important economically and because it is controllable, there is political 
pressure to consider implementing control measures (Gunn et al., 2005). 
 
BVD causes financial losses through the production losses outlined above; the direct 
cost to the UK cattle industry varies considerably with Bennett and Ijpelaar (2003) 
stating that the virus costs £40 million per year. The Cattle Health Certification 
Standard (not dated) states that Defra estimates the disease to cost the UK cattle 
sector £25-61million per year; XLvets (not dated) state a higher cost of £50-
75million/year. In 2002, Chi et al. (2002) stated the cost of an average infected 50-cow 
herd was US$2,421 (£1,678 on 14th November 2001 according to X-rates, 2012). Gunn 
et al. (2004) estimated that the mean loss per cow per year in Scottish beef herds was 
£37. From this estimate, they were able to suggest that it would be in farmers’ financial 
interest for Scotland to begin a vaccination and health scheme to control the virus. Stott 
et al. (2010) stated a range from almost £0 per cow to £40 per cow per year. The 
reason for such a large variation of the presence of this virus in herds varies 
considerably depending on the type of herd (dairy or beef), the initial status of the herd, 
the source of the virus, the probability of reinfection, the probability of transmission 
within the herd and the herd size (Stott et al., 2010).  
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1.7.3 BVD control 
BVD is a controllable disease. If the correct interventions are implemented, the disease 
can be significantly reduced or even eradicated from the farm, area or country, as has 
been shown in the Shetland Islands and Sweden (Gunn et al., 2005); these strategies 
will be described in more detail in 4.1. 
 
When introducing a control plan for BVD, one of the first considerations needs to be to 
prevent PI individuals from being created (Lindberg and Houe, 2005). It was suggested 
by Lindberg and Houe (2005) that there are three elements that must be present for 
any control programme to be successful, which are agreed by Barrett et al. (2011). 
These are 1) biosecurity, 2) elimination and 3) monitoring. Vaccination is an optional 
extra element that can be considered. Reichel et al. (2008) added that implementing no 
control is also an option.  
 
There are two types of control programme, systematic and non-systematic. Systematic 
control is a widespread control of BVD and PI animals on a regional or national basis, 
such as the Healthy Livestock initiative. Non-systematic is a herd level approach, 
usually with vaccination being a major component (Barrett et al., 2011). 
 
1.7.4 Biosecurity 
Defra (2003) describes biosecurity as the “prevention of disease-causing agents 
entering or leaving any place where farm animals are present (or have been present 
recently). It involves a number of measures and protocols designed to prevent disease-
causing agents from entering or leaving a property and being spread.” In recent years, 
biosecurity has become more topical and increased in importance in the agricultural 
industry in the UK due to the outbreaks of Foot and Mouth disease in 2001 and again 
in 2007 (BBC, 2007; Defra, 2007; BBC, 2001), Avian influenza which was first found in 
the UK in 2005 (BBC, 2008) and now with Schmallenberg being found in this country 
 
39 
 
for the first time (The Guardian, 2012; Defra, 2012). Despite this, there is still 
reluctance among UK cattle farmers to implement biosecurity at a farm level, instead 
believing that the government should be investing more into biosecurity at a national 
level (Gunn et al., 2008). 
 
The implementation of biosecurity measures at a farm level is one of the most import 
elements in any BVD control programme to stop the introduction, re-introduction and 
spread of the disease within and between herds (Lindberg and Houe, 2005). A study 
carried out by Heffernan et al. (2008) showed that a collective approach at a farm level 
in the UK is rare due to the inability of farmers to work together; Gunn et al. (2008) 
acknowledges this and suggests that farmers’ willingness and access to finances to 
invest in biosecurity measures were major constraints. Farmers need to be educated in 
the importance of working together on biosecurity as a disease prevention method to 
benefit all. These measures should include quarantining cattle on arrival to a farm and 
disinfecting clothing and footwear between farms (Fray et al., 2000); this is one of the 
aims of the Healthy Livestock project (Healthy Livestock, 2010).  
 
1.7.5 Vaccination 
The use of vaccines in the control of BVD should never be seen as a stand-alone 
control method and only be used as an addition to biosecurity, testing and elimination 
and monitoring (Barrett et al., 2011).  
 
Vaccinations should be used in naïve herds where there is a risk of the virus being 
introduced, areas with a high prevalence of the virus, in densely populated areas and 
areas with high numbers of cattle movements. Both live and killed vaccines are 
available; however, in the UK, Ireland, the Netherlands and Slovenia licences are only 
issued for killed vaccines. In the Scandinavian countries and Austria where large scale 
BVD eradication programmes are in place, no vaccines are allowed to be used 
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(Lindberg et al., 2006). The primary reason to use a BVD vaccine is to stop infection 
being established by preventing the virus spreading to the foetus during early gestation 
(Lindberg and Houe, 2005). 
 
It is agreed by many that for successful BVD control, stand-alone vaccination 
programmes do not work as the risk of human error is so great (Brock, 2003). A study 
carried out by Meadows (2010) showed that farmers had low levels of accuracy in 
administering the vaccination, although 100% of the 71 farms administered the two 
dose preliminary course, only 48% gave it at the correct interval and only 24% left 
enough time between the second dose and service. The BVD vaccine needs to be kept 
cool before and during use, which very few farms were able to achieve. Despite these 
misinterpretations of the usage, the farmers still believed that the cattle were protected 
from the disease.  
 
Another misunderstood area with vaccination is that vaccinating a PI animal will not 
protect their calf, a PI will always produce a PI calf even if they were administered the 
vaccination correctly (Scottish Government, 2012). Barrett et al. (2011) agree with the 
Meadows’ study saying that farmers are lulled into a false sense of security when using 
vaccines, which can result in a breakdown in biosecurity. 100% vaccine efficacy and 
coverage is needed to prevent infection; however Meadows (2010) and Barrett et al. 
(2011) have shown that this cannot be achieved with farmers’ current lack of 
compliance with vaccine usage guidance.  
 
1.7.6 Virus elimination and monitoring 
For any control programme to work, the disease level within the herd needs to be 
established, reduced and monitored. BVD testing and monitoring of cattle can be 
carried out through blood or milk sampling. When carrying out herd level diagnosis to 
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determine if antibodies are present, bulk milk samples and pooled samples of blood 
can be used (Houe et al., 2006).  
 
The disease level within the herd can be established through carrying out an antibody 
test on a bulk milk sample and/or pooled young stock screening, pooling blood samples 
from between five and ten animals aged six to eighteen months of age. The second 
option is a more accurate test. It is important to ensure the young stock no longer carry 
maternal antibodies and have not been vaccinated for BVD (Scottish Government, 
2012; Booth and Brownlie, 2011). Larska et al. (2013) and Houe et al. (2006) say that 
maternal antibodies are present in calves for the first two to three months before levels 
start to decline. The Institute of Veterinary Virology (2006) states that maternal 
antibody protection is lost after four to six months, but this depends on the level of 
antibodies in the colostrum and the quantity consumed by the calf (Larska et al., 2013; 
Houe et al., 2006).  
 
The samples must be a true representation of the herd and so each young stock 
management group needs to be tested. The Scottish Government (2012) defined a 
management group as animals that have been housed together for more than two 
months and have nose-to-nose contact during the time period and of the right age for 
sampling. A positive antibody result means that the animals have been in contact with 
the virus and so antigen testing should be undertaken to identify any PI animals within 
the herd. This would involve antigen blood sampling all animals in the herd and tested 
either individually or in pooled samples (Booth and Brownlie, 2011); another option for 
identifying PI animals would be to use a tag and test method where a small notch of 
tissue from the ear is removed and tested. These can be carried out from birth, thus 
enabling the removal of PI animals much sooner (Presi and Heim, 2010). Vets advise 
that any PI animals are slaughtered to prevent further spread of the virus (Booth and 
Brownlie, 2011). 
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1.7.7 BVD control and eradication programmes in Europe 
Since 1993, several European countries have introduced systematic control and 
eradication programmes including Finland, Denmark, Orkney Islands, Scotland, 
Shetland Islands, Sweden and Switzerland (Barrett et al., 2011; Presi et al., 2011; 
Nuotio et al., 1999; Synge et al., 1999; Greiser-Wilke et al., 2003; Bitsch et al., 2000). 
Other countries such as Germany have introduced regional programmes (Greiser-
Wilke et al., 2003). 
 
Many of the models are similar and based on the same approach; however none are 
exactly the same and each needs to be adapted to suit the regional epidemiological 
situation (Rossmanith et al., 2010; Greiser-Wilke et al., 2003). The use of vaccinations 
has been banned in many programmes where eradication is the goal e.g. the 
Scandinavian countries (Greiser-Wilke et al., 2003; Presi and Heim, 2010); however in 
Germany, where antibody positive cattle exceed 85%, with high cattle movements and 
dense cattle population, control of the disease is not achievable without the use of 
vaccination (Moennig et al., 2005).  
 
Switzerland’s eradication programme was ambitious. It began with an education 
programme for its farmers and stakeholders to highlight the benefits of BVD eradication 
and the losses sustained by this disease; this was a crucial step in farmers accepting 
the removal of PI animals and the restrictions the programme would entail (Barrett et 
al., 2011). Due to the high density of farms and contact between farms as well as high 
antibody prevalence, a compulsory eradication programme testing for and eliminating 
all PI animals was imposed. Between January and July 2008 tag and testing was used 
on all animals under the age of two (approximately 350,000) prior to going to shared 
pasture (a main area for maintaining and transmitting the virus between herds); any 
inconclusive animals were retested using blood samples and any PI animals were 
slaughtered. The next phase (October to December 2008) was to test all animals not 
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already tested; movement restrictions of 15 days were implemented between the time 
the samples were taken and the results were available and if no PIs were found, the 
movement restrictions were lifted. If PIs were found, the pregnant females on the farm 
remained under restriction until they calved and the calves had been tested (Presi and 
Heim, 2010). In total 1.5 million animals were tested during these two phases and 
12,000 PIs removed (Ståhl and Alenius, 2012). Once this phase was complete, all 
cattle in the country should have been tested and all PIs removed, but there was a 
possibility of PI calves still being born from transient infection in their dams and so 
calves continued to be tag and tested (Presi and Heim, 2010). Around 700,000 calves 
were tested in this phase and a further 5,000 removed from the national herd (Ståhl 
and Alenius, 2012). Monitoring of the antibody levels of herds through bulk milk testing 
was used from 2011. Testing so many animals in a relatively short period of time was 
challenging; however, reducing the route of transmission by eliminating PI animals from 
summer pasture was key to eliminating the virus from the national herd (Presi and 
Heim, 2010). 
 
The Shetland Islands initiated its own eradication programme in 1994, testing and 
removing PI animals from herds. Overall this was a success and the initial scheme 
ended in 1997. However, through a bought-in pregnant female carrying a PI calf, the 
virus was reintroduced to the island, demonstrating the importance of continual 
monitoring and consideration that is needed when purchasing cattle. It has since been 
advised that only bulling heifers, cows and bulls are brought onto the island, tested and 
quarantined before being introduced to the herd (Barrett et al., 2011; Synge et al., 
1999). The Orkney Islands also introduced its own eradication programme, and 
although initially there appeared to be good progress, it was not a compulsory scheme 
and not all herds took part. Without all farms taking the steps to control the disease, 
there was always a risk of infection being reintroduced to BVD-free herds and so 
eradication was not possible (Barrett et al., 2011).  
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The mainland of Scotland has now undertaken its own BVD eradication scheme, which 
commenced in September 2010. Initially this was a voluntary programme, with funding 
available for testing breeding herds and a farmer education programme. The second 
phase was compulsory, with all breeding herds having to test for BVD by 1st February 
2013 and annually thereafter. All calves born in the country had to be tested within 40 
days of birth. It was not until the third phase was introduced in January 2014 that 
control measures were implemented. These included a ban on deliberately selling PI 
animals to another farm to stop farms selling on problem animals and so spreading the 
virus, requiring the farm’s BVD status to be declared before sales so purchasers knew 
what they were buying and restricting the movements of untested herds and animals. 
This phase also required all PI animals to be slaughtered or housed in secure facilities 
to stop the spread of the virus (Scottish Government, 2013; Barrett et al., 2011). 
 
In Somerset, where a pilot study was carried out by Booth and Brownlie (2011), a 
similar approach was implemented to that in Germany, testing for, and eliminating PI 
cattle followed by mandatory vaccination (Pfizer Animal Health, not dated ). The initial 
steps used in the Somerset approach formed the basis of the model used in the 
Healthy Livestock BVD strand. 
 
In Sweden the programme was voluntary and funded by farmers; even so, by 2001 
100% of dairy herds and 99% of beef herds had joined (Greiser-Wilke et al., 2003). In 
Norway, the initial compulsory testing was funded by government, but the PI searches 
were covered by the farmer who was the main beneficiary of the programme’s success 
(Valle et al., 2005). 
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1.8 Healthy Livestock 
Healthy Livestock was a £5.3 million project delivered through the Rural Business 
School at Duchy College. This project was one of nine South West Healthy Livestock 
Initiative (SWHLI) projects financed through the Rural Development Programme for 
England (RDPE), where the funding was partly derived from modulated CAP 
payments. Healthy Livestock provided up to 70% funding towards individual on-farm 
advice from vets and advisors, diagnostic testing, and farmer discussion groups 
throughout the South West of England (Cornwall, Devon, Dorset, Gloucestershire, 
Somerset and Wiltshire). Healthy Livestock focussed on pre-established priority 
diseases identified through a consultation of farmers and animal health professionals 
by Defra during 2007. BVD and Johne’s disease were prioritised for both beef and 
dairy herds; lameness and mastitis were identified as priorities for the dairy industry 
and respiratory disease for the beef sector. Areas prioritised for the sheep sector were 
lameness, nutrition, breeding and parasite control. A series of focus farm meetings was 
used to disseminate information to the sheep and beef sectors in addition to the 
individual on farm advice, with 18 sheep focus farms throughout the region and five 
beef focus farms in Devon, Dorset, Somerset, Gloucestershire and Wiltshire. 
  
The funding for all diseases was split into multiple sections: the majority had an initial 
awareness group meeting led by a veterinarian or expert in the field, followed by 
individual on-farm mentoring sessions to assess the risks of disease entry into the herd 
and disease spread risks within the herd. Table 1.2 shows the five elements involved in 
the BVD work strand of this project: 
  
 
46 
 
Table 1.3: Healthy Livestock BVD work strand 
BVD 1 Awareness Meeting Groups of farmers were brought together to 
learn about BVD and the economic impact the 
disease has in infected herds. 
BVD 2 Surveillance, risks  
and diagnostics 
The farm’s vet visits the farm and discusses 
the potential risk areas of the farm for BVD 
entry in to the herd and spread within the herd. 
Blood and/or milk samples are taken at this 
visit to establish the herds BVD disease status. 
BVD 3 Control plan The farm’s vet returns to the farm with the 
results from the risk assessment and 
diagnostic results to discuss with the farmer 
and establish a control plan to prevent BVD 
from entering the herd or if the disease is 
already present, to reduce the spread of the 
disease within the herd. 
BVD 4 Review Between three and 12 months after BVD 2, the 
vet or returns to the farm for the final funded on 
farm visit to repeat the diagnostics to establish 
a definitive BVD status and to review the 
control measures implemented in BVD 3. 
BVD 5 Final group 
meeting/workshop 
A group meeting with farmers that had 
completed the previous four elements to 
discuss the benefits and measures implements 
for BVD control. This meeting could be held 
either in a meeting room or on farm. 
 
One of the key elements to the success of a control and eradication programme is the 
willingness of the farmers to be involved, which is achieved through educating and 
informing the farmers on the benefits to them in terms of animal health and financially 
(Presi and Heim, 2010; Synge et al., 1999). In the Healthy Livestock project this is one 
of the fundamental elements; the process involves educating and motivating farm vets, 
who in turn motivate and educate their farmer clients prior to any testing and disease 
risk assessments being carried out on farm (Healthy Livestock, 2010). 
 
An on-line herd health management programme, Myhealthyherd.com (MHH), was 
utilised by the project to support the farm vets to carry out these activities on-farm. It 
also acted as a database to record the disease prevention and control measures put in 
place on farm.  
 
47 
 
Chapter two: 
Methodology 
 
2.1 Data Collection 
Data for this study was collated from the results of risk assessments collected during 
the second stage of the BVD work strand (BVD2) of Healthy Livestock, between 
November 2010 and May 2013. The project’s BVD work strand continued after this 
date, but data generated after May 2013 was not utilised in this study. The data was 
collected from a combination of dairy and beef herds from across the South West 
region of England (Cornwall, Devon, Dorset, Somerset, Gloucestershire and Wiltshire). 
The risk assessments were carried out by the farm’s vet with at least one person from 
the farm. The person from the farm had responsibility for the decision making about the 
herd management or worked closely with the herd and understood the current 
management practices. Working through the risk assessment together, the vet and 
farm representative were able to establish the most accurate picture of the farm’s 
disease risk status.  
 
Control in the collection of risk assessments was achieved through the delivery of a 
standardised training protocol to each vet. Each vet had to have attended ‘deliverer 
training’ sessions led by respected industry experts, which were disease-specific to 
BVD. These sessions included up-to-date information on the disease, the structure of 
the Healthy Livestock funding, the workings of My Healthy Herd and what was required 
for each of the five stages of the BVD strand. Only vets who attended these sessions 
were permitted to carry out the BVD risk assessments on farm, standardising the 
delivery and collection of the information and data. By May 2013, there were 191 vets 
approved to deliver the BVD work strand. 
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The aim of the risk assessment was to identify the risk areas on-farm for the entry and 
spread of the disease both into and within the herd. This process involved a 27-
question risk assessment questionnaire (Appendix I), that had previously been 
constructed by the My Healthy Herd developers prior to Healthy Livestock 
commencing. The questionnaire identified the risks of disease entry from cattle (n=7 
questions), people (n=3 questions) and objects, e.g. machinery, slurry and water (n=5 
questions). There were also disease specific questions for the disease entry risks from 
BVD (three questions) and the disease spread risks from BVD (nine questions). The 
answers to the questionnaire were collected on My Healthy Herd. Each question was 
scored on a Likert scale with three potential answers; 22 questions ranked the 
statement as either never/occasionally/frequently; never/sometimes/often or 
never/sometimes/always. Five questions had answers that were specific and unique to 
that question e.g. “I have neighbours with cattle that border directly on to my land?” 
with answer options (a) none, (b) 1-3 farms, (c) more than 3 farms.  
 
The developers of My Healthy Herd used an algorithm derived from the questionnaire 
answers to establish and assign a level of disease entry risk and level of disease 
spread risk on each farm. Risks were classified as red (inadequate entry or on farm 
spread protocols), amber (entry or spread protocols in place, but not wholly adequate) 
and green (effective precautions against entry or on-farm spread). 
 
Farms had to be registered on to MHH before an assessment meeting took place. 
When a farm signed up for the BVD work strand, they had to complete a Farm 
Information Questionnaire (FIQ) which stated herd type(s), breed of cattle, number of 
adult cattle (categorised by My Healthy Herd as 1-80, 81-200, 201-400, 401-800, 801-
1,200), farming system (standard/intensive/organic) and housing system (freestall or 
cubicles/straw yards/mixture or freestalls and yards). This information was entered in 
My Healthy Herd at the time of registration. Farm size and number of full-time and part- 
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time stockpersons including family were also asked for and entered into the notes 
section for separate analysis, but were not used for assessing the level of risk. 
 
The internet access available was variable between farms; to allow all farms access to 
the funding, the data could be collected either by entering the risk assessment answers 
directly in to My Healthy Herd or a paper copy of the risk assessment could be printed 
from the programme and entered on to My Healthy Herd at a later time. 
 
2.2 Quality Assurance 
When a farm was submitted to Healthy Livestock following the completion of BVD2, a 
member of the Healthy Livestock team checked on My Healthy Herd that the risk 
assessment had been completed. Only when all of the 27 questions had been 
answered, did the programme define the level of entry and spread risk as red, amber or 
green. If the level of risk had not been established, the vet was contacted and asked to 
complete the missing information. 
 
To ensure the data used were only from farms funded through Healthy Livestock, a 
report was taken from the Rural Business School’s Customer Relationship 
Management (CRM) database. The report was run on a search looking for: 
Student = contains data 
Theme (Healthy Livestock) = Beef BVD2 or Dairy BVD2 
This report contained 442 farms.  
 
The work log (a form signed by the farmer and vet at the BVD2 visit) for each of these 
farms was cross checked to confirm the herd type and farm’s holding number (a 
number assigned to each farm by Defra identifying the county and parish where the 
herd is located and an individual number within the parish for the farm, this number 
was used to identify the farm’s county location). The herd’s unique identification 
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number on My Healthy Herd was then found using the information from the work logs. 
This unique identification number was used to ensure that only the herds that had 
taken part in the BVD work strand of Healthy Livestock were used for analysis; and this 
list became the master list. 
 
2.3 Data Extraction 
Data were selected in My Healthy Herd by type; beef herd and dairy herd; and these 
data were then exported into a Microsoft Excel spread sheet. The exported raw data 
from My Healthy Herd were collated and ordered in to a consistent and workable 
format via:  
1. Cross-matching the unique identification number of each herd on the master list 
and My Healthy Herd report; any herds not required for analysis were removed. 
2. Herds were then checked against the FIQ and any information missing from the 
My Healthy Herd report was entered into the spread sheet. 
3. There was no field in My Healthy Herd to enter staff numbers or farm size; 
these had been entered into the free text notes section and were transferred 
into separate columns manually in the Excel spreadsheet. 
4. Farm size was reported in hectares in this study; some farms had provided size 
in acres which were converted to hectares.  
 
These data were then transferred to IBM SPSS Statistics version 21 (IBM Corp, 2012). 
 
The risk assessment questionnaire responses were then entered in the SPSS sheet 
manually. This was time consuming with each herd’s unique number being entered into 
the search and then entering the answer to each question into the SPSS sheet. As a 
result of a time delay between the original My Healthy Herd report being run and the 
questionnaire results being input, the level of risk, disease status, control status and 
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vaccination status were crosschecked. 77 herds had their coding updated for one or 
more of these. 
 
419 herds remained for analysis (n=277 beef herds, n=142 dairy herds). 23 herds were 
removed from the CRM for the following reasons:  
 18 were missing from the My Healthy Herd report for unknown reasons. 
 4 had the incorrect herd type used on My Healthy Herd 
 1 had insufficient information for analysis 
 
2.4 Statistical analysis 
The overall aim of the statistical analysis was to establish common themes that were 
affecting disease entry risk and disease spread risk of BVD on beef and dairy farms in 
the SW region. The analysis aimed to establish a process that would enable the easy 
dissemination of any established common themes to farmers. 
 
Descriptive statistical analysis (frequencies, mean, range, minimum, maximum, cross-
tabulation and contingency tables) was carried out on appropriate data: types of herds, 
farming styles, staffing levels and spread of farms across the region. Goodness of fit 
chi-squared analysis (Zar, 2014) was carried out on the responses to the 27 risk 
assessment questions to identify significant associations in the responses given. 
 
At an early stage, it was established that the algorithm used to establish the diseases 
entry and spread status on farms presented a challenge to the analysis. 
 
At an early point in the study it was decided not to use linear modelling techniques 
within any statistical analysis. The algorithm used on My Healthy Herd to establish the 
level of risk (Red, Amber Green) for BVD entry and BVD spread made use of 
responses from an undefined selection of the 27 risk questions. It was not possible to 
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describe the algorithm used here as it was subject to the intellectual property rights of 
the programme owners and developers. However, it was established that the algorithm 
used by the programme developers used a form of regression analysis. Initial 
exploratory statistical analysis established that any analysis undertaken via a 
regression approach not unsurprisingly, resulted in R squared outputs of 1.0 or with 
significant errors returned via SPSS 
 
The statistical analysis used for this study was Principal Component Analysis (PCA) 
(Zar, 2014). This analysis aimed at reducing the number of variables in the data set 
(n=27) to a manageable size whilst not losing any information (Field, 2013). This would 
enable key general areas to be identified where farms would need to improve or 
maintain management practices and biosecurity procedures to reduce or main the level 
of risk of the herd to BVD virus entry in to the herd and BVD virus spread within the 
herd. 
 
As there were 27 questions in the risk assessments, to aid the displaying and 
interpretation of the results, each question was summarised (Table 2.1). This summary 
was then used in the results section. 
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Table 2.1: Key to risk assessment question summaries 
 Full question Shortened Question 
1 I buy or introduce cattle (including hired bulls) onto the farm Buy/introduce cattle 
2 
My farm boundaries are secure and do not allow any contact 
between my cattle and others 
Farm boundaries secure 
3 
I move cattle off and back to the farm for temporary grazing or from 
shows or markets 
Move cattle off & back to the farm 
4 I have neighbours with cattle that border directly on to my farm land Neighbouring cattle farms 
5 
My cattle are kept on a single farm holding enclosed in a ring 
fence/2-3 holdings/multiple holdings with other cattle farms between 
them 
Number of farm holdings 
6 My herd has less than 80 cattle/ 80-200 cattle/ more than 200 cattle Herd size 
7 My cattle share grazing or buildings with cattle from other herds 
Share grazing/buildings with other 
cattle 
8 
Visitors are allowed to enter the animal areas of my farm (unless 
they wear clean disinfected protective clothing/boots) 
Visitors allowed to enter animal 
areas 
9 
I employ stockmen or workers on the farm that have contact with 
animals on any other farm 
Stockmen/workers have contact 
with other animals 
10 
I visit other farms or have contact with other cattle without wearing 
protective clothing and disinfecting before returning to my farm 
Farmer/owner has contact with 
other cattle 
11 
I share equipment such as tractors, spreaders, sprayers etc. with 
other farmers 
Share equipment with other cattle 
farms 
12 
I use contractors and do not insist that their equipment and plant is 
clean and disinfected before they use it on my farm 
Use contractors without insisting 
on disinfection 
13 
I allow any slurry or farm yard manure from another farm to be 
spread on my farm 
Slurry & farm yard manure from 
other farms spread on land 
14 
My cattle have access to streams or waterways that have passed 
through another livestock farm 
Access to streams & waterways 
15 
My cattle are fed with feedstuff that could have been in contact with 
other animals 
Feed could have been in contact 
with other animals 
16 
I introduce pregnant females, from herds that are not certified free of 
BVD, without testing them for BVD, and testing their calves for BVD 
before they contact the cattle in the herd 
Pregnant females introduced 
without testing 
17 
I introduce breeding bulls, from herds which are not certified free of 
BVD without testing them for BVD before they contact cattle in the 
herd 
Breeding bulls introduced without 
testing 
18 
I introduce non breeding cattle (calves, young stock and other cattle) 
from herds that are not certified free of BVD, without testing for BVD 
before they contact cattle in the herd 
Non breeding cattle introduced 
without testing 
19 
Do you rear offspring from your breeding cattle on the farm such 
that they could have direct contact with any adult breeding females 
that may be pregnant? 
Offspring have contact with adult 
breeding females 
20 
Do any young stock of unknown disease status (such as purchased 
calves etc.) have any direct contact with adult breeding females that 
may be pregnant? 
Young stock of unknown disease 
status have contact with adult 
breeding females 
21 
Are young stock properly screened for the presence of active 
infection, including the presence of PI animals, before they are 
introduced to the herd or allowed contact with any adult breeding 
females that might be pregnant? 
Young stock testing 
22 
Are sick cattle isolated from the rest of the herd immediately they 
become sick, and prevented from contact with breeding females that 
may be pregnant until they are fully recovered? 
Sick cattle management 
23 
Are breeding bulls checked to ensure that they are no risk to 
breeding females before they are introduced into the herd? 
Breeding bull tested prior to being 
introduced to the herd 
24 
Do you or any staff have contact with young stock and adult 
breeding females that may be pregnant, without disinfection and 
changing overalls and ensuring biosecurity protocols? 
Staff do not disinfect between 
contact with young stock and adult 
breeding females 
25 
Do you use any equipment on or near adult breeding females that 
may be pregnant that has previously been used on or near young 
stock (such as tools, dosing equipment, handling equipment etc.)? 
Equipment used on adult breeding 
females that was previously used 
on young stock 
26 
Is equipment that has close contact with potentially infected cattle 
(such as injection and dosing equipment, examination gloves etc.) 
properly cleaned and disinfected before being used on susceptible 
cattle? 
Is equipment cleaned and 
disinfected between infected and 
susceptible animals? 
27 
Are breeding females properly protected by vaccination or natural 
immunity before they are pregnant and before they are at risk of 
exposure to any potentially infectious animals in the herd? 
Breeding females properly 
vaccinated/have natural immunity 
prior to breeding 
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The PCA was run separately for beef and dairy herds. For each herd type, risk of entry 
from BVD for red, amber and green status levels and risk of spread from BVD for the 
three risk categories were established. When the frequencies of these 12 categories 
were run, some of the sample sizes were very small, as shown in Table 2.2: 
 
Table 2.2: Sample sizes for each risk category 
 Risk of Entry from BVD Risk of Spread from BVD 
Red Amber Green Red Amber Green 
Dairy herds 99 43 0 77 3 62 
Beef herds 173 97 7 190 16 71 
 
Consequently it was decided that the sample sizes for green risk of entry from BVD 
(n=7) and amber risk of spread from BVD (n=19) were too small for a reliable and 
useful analysis to be performed. A sample size of 300 would be classed as good 
(Comrey and Lee, 1992); however, Habing (2003) states that 50 should be the smallest 
sample size considered. As a consequence, PCA was deemed an appropriate 
approach for analysis for: Beef herds red entry (n=173), amber entry (n=97), red 
spread (n=190), green spread (n=71); Dairy herds red entry (n=99), amber entry 
(n=43), red spread (n=77), green spread (n=62).  It was decided to run the analysis on 
the dairy herds with amber risk for entry of BVD (n=43) as an exploratory test. 
 
The Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) was performed on 
each of the 12 categories; this is a ratio of the squared correlation between variables 
and the squared partial correlation between variables. The KMO provides a value of 
between 0 and 1, with 0 showing that the partial correlation is large in comparison to 
the sum of correlation, indicating a large spread in the pattern of correlation and so 
PCA is not appropriate. 1 indicates the pattern of correlation is compact and so PCA 
would produce useful and reliable components (Field, 2013). Hutcheson and Sofroniou 
(1999) suggested values below a KMO of 0.5 were unacceptable for analysis.  
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All disease risk categories were checked for reliability using the KMOs. Variables of 
categories with a KMO of ≤0.5 were removed from the analysis; on some occasions 
this took more than one attempt. Samples that had an overall KMO ≥0.6 only had the 
variables removed with KMOs of <0.5 if it impacted the result.  
 
The eigenvalues were calculated explaining the amount of variation explained by a 
component. For this data set, all components with eigenvalues of ≥1 were retained as 
specified by Kaiser’s criterion (Field, 2013); this criterion was used as an eigenvalue of 
1 represents a high level of variation in the data (Field, 2013). The scree plot showed 
the eigenvalues (Y-axis) plotted against the relevant component (X-axis). From this plot 
the point of inflexion could be used to identify the number of components to be 
retained, of those with eigenvalues of >1 (Field, 2013). If the scree plot justified 
retaining fewer number of components, the analysis was rerun specifying the number 
of components to be extracted.  
 
The final stage of the analysis was determining which variables were loaded onto each 
component. Rotation was used to maximise the loading of variables on one component 
to aid the interpretation of that component (Field, 2013). For this study, orthogonal 
rotation was used in the form of varimax, which is a method of highly loading a small 
number of variables on to a component (Field, 2013). The component loadings were 
established; these showed the importance of the variable to the component and are a 
correlation between a component and a variable (Field, 2013). Field (2013) stated that 
for a sample size of 50, a significant loading should be at least 0.722 and for a sample 
size of 100, a loading of 0.512 should be considered significant. However, this is not 
always possible and lower loading levels can be used (Garson, 2009). Rahn (not 
dated) stated that a component should have a minimum of three variables; a few 
categories had components with only two variables and these were retained in the 
analysis for exploratory purposes. 
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When deciding the number of components to be retained, the lower number of 
components was used, only if the variance explained by these was no less than 50% of 
that explained by the higher number of components. When looking at the component 
loadings to establish the variables for each component, the variables with the lowest 
component loadings i.e. between 0.3 and 0.4 were only used if they logically fitted with 
the rest of the variables (Rahn, not dated). Once the variables on each component 
were defined, the component was given a title that defined all variables in the 
component. 
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Chapter three: 
Results 
3.1 Herd descriptives 
3.1.1 Dairy 
33.9% (n=142/419) of herds in this study were dairy. 
All of the dairy herds in this study were from the six counties of the South West of 
England, Table 3.1. Over half (50.7%) of the dairy herds in this study were from Devon. 
Gloucestershire and Wiltshire had the lowest uptake with a 6.3% (n=9) and 3.5% (n=5) 
share respectively of the total dairy herds. 
 
Table 3.1: County split of dairy herds 
 N % 
Cornwall 31 21.8 
Devon 72 50.7 
Dorset 13 9.2 
Gloucestershire 9 6.3 
Somerset 12 8.5 
Wiltshire 5 3.5 
Total 142 100.0 
 
The dairy herds in this study were spread over the five herd size categories, as shown 
in table 3.2. The majority (60.6%) of the dairy herds stated the herd size as ‘From 81 to 
200’, ‘From 801 to 1200’ cows was the least common herd size representing 0.7% 
(n=1) of the herds 
 
Table 3.2: Herd sizes for dairy herds 
 N % 
From 1 to 80 19 13.4 
From 81 to 200 86 60.6 
From 201 to 400 21 14.8 
From 401 to 800 8 5.6 
From 801 to 1200 1 0.7 
Total 135 95.1 
Missing 7 4.9 
Total 142 100.0 
 
The farm size was available for 124 of the 142 dairy herds in this study. There was a 
range in farm size of 1,493.93ha; the smallest farm was 6.07ha and the largest 
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1,500ha. The mean size of dairy farms was 150.80ha, with a standard deviation of 
153.46ha. 
 
Table 3.3 shows the farming systems used on the dairy farms in this study. There was 
an option for ‘other’ in this category; this would be for those who do not class their farm 
as intensive or standard e.g. if they were extensive with a low stocking density. 68.8% 
(n=92) of dairy herds stated their farming system as Standard. 5.6% (n=8) of dairy 
herds did not state their farming system. 
 
Table 3.3: Farming system of dairy herds 
 N % 
Standard 92 64.8 
Intensive 24 16.9 
Other 18 12.7 
Total 134 94.4 
Missing 8 5.6 
Total 142 100.0 
 
All 142 dairy herds specified their organic status, Table 3.4. 88% (n=125) of dairy herds 
specified themselves as non-organic, only 12% (n=17) of the dairy herds were organic. 
 
Table 3.4: Is your farm organic? – dairy herds 
 N % 
False 125 88.0 
True 17 12.0 
Total 142 100.0 
 
Table 3.5 show the level of part-time and full-time employment on dairy farms in this 
study. One part-time member of staff was the most frequently occurring with 35.9% 
(n=51). 4+ was the least occurring with only 4.9% (n=7) of herds stated this as their 
level of part time staff level. Two full time members of staff is the most frequent level of 
full time employment on the dairy farms, 31.7% (n=45). 
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Table 3.5: Staffing levels – dairy herds 
 Part time Full time 
 N % N % 
0 18 12.7 1 0.7 
1 51 35.9 28 19.7 
2 20 14.1 45 31.7 
3 8 5.6 33 23.2 
4+ 7 4.9 23 16.2 
Total 104 73.2 130 91.5 
Missing 38 26.8 12 8.5 
Total 142 100.0 142 100.0 
 
The cross-tabulation of part-time and full-time employment for dairy herds in this study 
is shown in Table 3.6. Three full time and one part time was the most common mix of 
staffing (n=15) closely followed by two full time and one part time (n=14) and one full 
time and one part time (n=13). 
 
Table 3.6: Cross-tabulation of number of full time staff and part time staff – dairy herds 
 Number of part time staff Total 
0 1 2 3 4+ 
Number of full time staff 
0 0 0 1 0 0 1 
1 2 13 6 1 2 24 
2 6 14 10 3 1 34 
3 5 15 2 1 1 24 
4+ 5 7 1 2 2 17 
Total 18 49 20 7 6 100 
 
Table 3.7 below shows the spread of breeds within the dairy herds in this study. 
Holstein Friesian was the most common breed of cattle among the dairy herds (57.7%, 
n=82). Swedish Red and White and Ayrshire was the main breed on only one herd 
each. 10 herds did not specify their main breed. 
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Table 3.7: Main breed of cattle – dairy herds 
 N % 
Guernsey 3 2.1 
Ayrshire 1 0.7 
British Friesian 12 8.5 
Cross Breed Dairy 7 4.9 
Holstein Friesian Cross 7 4.9 
Holstein Friesian 82 57.7 
Holstein 7 4.9 
Jersey 7 4.9 
Meuse Rhine Issel 2 1.4 
Swedish Red and White 1 0.7 
Other 3 2.1 
Total 132 93.0 
Missing 10 7.0 
Total 142 100.0 
 
Table 3.8 shows the housing systems used on the dairy farms in this study. Freestalls 
or cubicles was the most common housing system with 54.9% (n=78) of dairy herds in 
this study using this system. Outside was the least common with only one herd (0.7%) 
using this method. Seven herds (4.9%) did not specify their housing system. 
 
Table 3.8: Housing system used – dairy herds 
 N % 
Freestalls or cubicles 78 54.9 
Straw Yards 14 9.9 
Mixture of freestalls and yards 42 29.6 
Outside 1 0.7 
Total 135 95.1 
Missing 7 4.9 
Total 142 100.0 
 
3.1.2 Beef 
Beef herds accounted for 66.1% (n=277/419) of herds in this study. 
 
The county spread of the beef herds in this study is shown in Table 3.9. Once again 
Devon had the largest participation with 42.6% (n=118) of the total beef herds. Dorset 
had the lowest participation of beef herds of the six counties with 4.3% (n=12). There 
were two beef herds from outside of the six South West counties. 
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Table 3.9: County split of beef herds 
 N % 
Cornwall 71 25.6 
Devon 118 42.6 
Dorset 12 4.3 
Gloucestershire 21 7.6 
Other 2 0.7 
Somerset 39 14.1 
Wiltshire 14 5.1 
Total 277 100.0 
 
Table 3.10 shows the herd sizes for beef herds; this data was available for 164 of the 
277 beef herds. Unlike total herds and dairy herds, there were no herds in the ‘From 
801 to 1200’ size range. The category ‘from 1 to 80’ was the most common herd size 
with 59.2% (n=164) of herds falling within this category. The least common herd size 
was ‘From 401 to 800’ with just 2 herds (0.7% of beef herds) in this category. 
 
Table 3.10: Herd sizes for beef herds 
 N % 
From 1 to 80 164 59.2 
From 81 to 200 75 27.1 
From 201 to 400 13 4.7 
From 401 to 800 2 0.7 
Total 254 91.7 
Missing 23 8.3 
Total 277 100.0 
 
The farm size was available for 244 of the 277 beef herds. The range in farm sizes was 
1,615.47ha, with the smallest farm being 3.24ha and the largest 1,618.71ha, the mean 
farm size was 141.04ha. The standard deviation was 197.91ha. 
 
92.1% (n=255) of the beef herds specified their farming system as ‘standard’, 
‘intensive’ or ‘other’, see Table 3.11. ‘Standard’ was the most common farming system, 
with 79.1% (n=219) of herds stating this as their system. Intensive was the least 
common with 1.4% (n=4) of beef herds. 
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Table 3.11: Farming system of beef herds 
 N % 
Standard 219 79.1 
Intensive 4 1.4 
Other 32 11.6 
Total 255 92.1 
 Missing 22 7.9 
Total 277 100.0 
 
 
The mix of organic and non-organic beef farms is shown in table 3.12. 90.3% (n=250) 
of the herds were not organic, 9.7% (n=27) stated they were under an organic farming 
system. 
 
Table 3.12: Is your farm organic? – beef herds 
 N % 
False 250 90.3 
True 27 9.7 
Total 277 100.0 
 
Table 3.13 shows the part time and full time staffing levels on beef herds. For both 
part-time and full-time staffing, one member of staff was the most common with 31.8% 
(n=88) and 42.2% (n=117) respectively. 
 
Table 3.13: Staffing levels – beef herds 
 Part time Full time 
N % N % 
0 42 15.2 7 2.5 
1 88 31.8 117 42.2 
2 33 11.9 80 28.9 
3 14 5.1 18 6.5 
4+ 5 1.8 3 1.1 
Total 182 65.7 225 81.2 
Missing 95 34.3 52 18.8 
Total 277 100.0 277 100.0 
 
The cross-tabulation for full-time and part-time staff is shown in Table 3.14. 55 herds 
employed one part-time and one full-time member of staff. The next highest was two 
full-time and no part-time staff; 24 farms employed this level of staffing. Seven 
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combinations were not present on the beef herds in this study and five combinations 
were only present on one farm. 
 
Table 3.14: Cross-tabulation of number of full time staff and part time staff – beef herds 
 Number of part time staff Total 
0 1 2 3 4+ 
Number of full time staff 
0 0 3 1 2 1 7 
1 16 55 10 2 2 85 
2 24 19 5 2 1 51 
3 2 3 1 0 0 6 
4+ 0 0 1 0 0 1 
Total 42 80 18 6 4 150 
 
Table 3.15 shows the main breeds of cattle for the beef herds. South Devon was the 
most common breed of beef herds in this study with 13.7% (n=38), with a further four 
herds (1.4%) stating their herd is South Devon Cross. 14 of the breeds were the main 
breed for four or less herds. 
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Table 3.15: Main breed of cattle – beef herds 
 N % 
Gelbvieh 1 0.4 
Shorthorn 3 1.1 
Aberdeen Angus 29 10.5 
Belgian Blue 3 1.1 
Blonde D'Aquitaine 3 1.1 
Charolais 16 5.8 
Cross Breed Beef 34 12.3 
Devon Red 26 9.4 
Dexter 4 1.4 
Gloucester 2 0.7 
Hereford 10 3.6 
Highland 1 0.4 
Holstein Friesian 1 0.4 
Limousin 29 10.5 
Lincoln 1 0.4 
Longhorn 1 0.4 
Salers 2 0.7 
Simmental 15 5.4 
South Devon Cross 4 1.4 
South Devon 38 13.7 
Sussex 1 0.4 
Welsh Black 2 0.7 
Other 19 6.9 
Total 245 88.4 
Missing 32 11.6 
Total 277 100.0 
 
Table 3.16 shows the housing systems used on beef herds. Straw yards were the most 
common with 63.9% (n=177) of beef herds stating this as their housing method. 
Woodchip was the least common with only one herd (0.4%) stating this as their 
housing method. 
 
Table 3.16: Housing system used – Beef herds 
 N % 
Freestalls or cubicles 19 6.9 
Straw Yards 177 63.9 
Mixture of freestalls and yards 49 17.7 
Outside 6 2.2 
Woodchip 1 0.4 
Total 252 91.0 
Missing 25 9.0 
 Total 277 100.0 
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3.2 Goodness of fit chi-squared test 
3.2.1 Dairy 
Table 3.17 shows the responses and goodness of fit chi-squared tests to the risk 
assessment questionnaires for the dairy herds in this study. The goodness of fit chi-
squared test was used to determine the relative occurrence of particular responses to 
ascertain the current practice on farms within this study. There was no significant 
difference in the responses for one of the 27 questions. “Is equipment that has close 
contact with potentially infected cattle (such as injection and dosing equipment, 
examination gloves etc) properly cleaned and disinfected before being used on 
susceptible cattle?” also had no significance (P = 0.120). 
 
24 of the questions did have highly significant differences in the responses, including a 
significantly higher number of farms never allowing young stock with unknown disease 
status to have contact with adult breeding females that may be pregnant (P = <0.001), 
which would provide an opportunity for the BVD virus to pass to the breeding females 
who could then give birth to a PI calf. Significantly more herds never allow cattle to be 
fed feedstuffs that have been in contact with other animals (P = <0.001), by allowing 
cattle to consume feed that has been in contact with other animals the risk of 
transmitting the BVD virus is increased, this would be a risk for disease entry and 
spread. 
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Table 3.17: Dairy herd risk assessment results and goodness of fit chi-square test 
Question Never Sometimes/ 
Occasionally 
Often/Always/ 
Frequently 
χ
2
 P 
value 
Buy/introduce cattle 30 85 27 45.056 <0.001 
Move cattle off & back to the farm 81 39 22 38.972 <0.001 
Share grazing/buildings with other cattle 138 3 1 260.549 <0.001 
Visitors allowed to enter animal areas 43 79 20 37.366 <0.001 
Stockmen/workers have contact with 
other animals 
61 49 32 8.972 0.011 
Farmer/owner has contact with other 
cattle 
73 61 8 50.549 <0.001 
Share equipment with other cattle farms 84 46 12 54.817 <0.001 
Use contractors without insisting on 
disinfection 
20 82 40 42.310 <0.001 
Slurry & farm yard manure from other 
farms spread on land 
130 10 2 217.239 <0.001 
Access to streams & waterways 60 47 35 6.606 0.037 
Feed could have been in contact with 
other animals 
120 20 2 170.761 <0.001 
Pregnant females introduced without 
testing 
82 44 16 46.366 <0.001 
Breeding bulls introduced without testing 76 61 5 59.169 <0.001 
Non breeding cattle introduced without 
testing 
111 27 4 134.042 <0.001 
Young stock of unknown disease status 
have contact with adult breeding 
females 
104 27 11 104.465 <0.001 
Young stock testing 98 32 12 85.577 <0.001 
Sick cattle management 41 81 20 40.577 <0.001 
Breeding bull tested prior to being 
introduced to the herd 
68 19 55 27.225 <0.001 
Staff do not disinfect between contact 
with young stock and adult breeding 
females 
27 41 74 24.606 <0.001 
Equipment used on adult breeding 
females that was previously used on 
young stock 
24 57 61 17.423 <0.001 
Is equipment cleaned and disinfected 
between infected and susceptible 
animals? 
48 57 37 4.239 0.120 
Breeding females properly 
vaccinated/have natural immunity prior 
to breeding 
51 26 65 16.493 <0.001 
Question Totally Almost 
secure 
Not secure χ
2
 P 
value 
Farm boundaries secure 46 84 12 54.817 <0.001 
Question None 1-3 farms More than 3 
farms 
χ
2
 P 
value 
Neighbouring cattle farms 18 91 33 62.803 <0.001 
Question Single 
holding 
2-3 holdings Multiple 
holdings 
χ
2
 P 
value 
Number of farm holdings 57 57 28 11.845 0.003 
Question Less than 
80 cattle 
80-200 
cattle 
Over 200 
cattle 
χ
2
 P 
value 
Herd size 3 45 94 87.648 <0.001 
Question All 
offspring 
Some 
offspring 
None χ
2
 P 
value 
Offspring have contact with adult 
breeding females 
26 64 52 15.944 <0.001 
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3.2.2 Beef 
Table 3.18 shows the responses and chi-squared tests to the risk assessment 
questionnaires for the beef herds in this study. As with the dairy herds, the goodness of 
fit chi-squared test was used to determine the relative occurrence of particular 
responses to ascertain the current practice on farms within this study.   The beef herds 
like all herds had only one question that had no significant difference in the responses, 
this was the same question as the previous two herd types - “Is equipment that has 
close contact with potentially infected cattle (such as injection and dosing equipment, 
examination gloves etc.) properly cleaned and disinfected before being used on 
susceptible cattle?” (P = 0.269). 
 
A significantly higher number farms never properly screened animals for the presence 
of active infection before being introduced to the herd (P = <0.001) and never 
introduced pregnant females from herds certified BVD free and did not test them or 
their offspring before introducing them to the herd (P = <0.001), in both cases the BVD 
virus could have been introduced into these herds without knowing until the virus had 
spread and symptoms developed; these are particularly dangerous if the animals are 
introduced in to a naïve herd. 
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Table 3.18: Beef herd risk assessment results and goodness of fit chi-square test 
Question Never Sometimes/ 
Occasionally 
Often/Always/ 
Frequently 
χ
2
 P 
value 
Buy/introduce cattle 19 194 64 178.881 <0.001 
Move cattle off & back to the farm 161 90 26 98.780 <0.001 
Share grazing/buildings with other cattle 266 7 4 21.668 <0.001 
Visitors allowed to enter animal areas 91 147 39 63.191 <0.001 
Stockmen/workers have contact with 
other animals 
170 78 29 110.996 <0.001 
Farmer/owner has contact with other 
cattle 
147 111 19 94.383 <0.001 
Share equipment with other cattle farms 180 79 18 145.004 <0.001 
Use contractors without insisting on 
disinfection 
102 138 37 56.758 <0.001 
Slurry & farm yard manure from other 
farms spread on land 
253 20 4 420.744 <0.001 
Access to streams & waterways 138 81 58 36.744 <0.001 
Feed could have been in contact with 
other animals 
254 21 2 426.549 <0.001 
Pregnant females introduced without 
testing 
197 67 13 193.762 <0.001 
Breeding bulls introduced without testing 130 133 14 99.733 <0.001 
Non breeding cattle introduced without 
testing 
129 101 47 37.632 <0.001 
Young stock of unknown disease status 
have contact with adult breeding 
females 
123 93 61 20.823 <0.001 
Young stock testing 187 40 50 146.130 <0.001 
Sick cattle management 17 138 122 93.581 <0.001 
Breeding bull tested prior to being 
introduced to the herd 
120 47 110 33.923 <0.001 
Staff do not disinfect between contact 
with young stock and adult breeding 
females 
65 75 137 32.953 <0.001 
Equipment used on adult breeding 
females that was previously used on 
young stock 
41 95 141 54.267 <0.001 
Is equipment cleaned and disinfected 
between infected and susceptible 
animals? 
85 105 87 2.628 0.269 
Breeding females properly 
vaccinated/have natural immunity prior 
to breeding 
160 32 85 89.596 <0.001 
Question Totally Almost 
secure 
Not secure χ
2
 P 
value 
Farm boundaries secure 132 126 19 87.560 <0.001 
Question None 1-3 farms More than 3 
farms 
χ
2
 P 
value 
Neighbouring cattle farms 59 175 43 112.404 <0.001 
Question Single 
holding 
2-3 holdings Multiple 
holdings 
χ
2
 P 
value 
Number of farm holdings 183 71 23 146.002 <0.001 
Question Less than 
80 cattle 
80-200 
cattle 
Over 200 
cattle 
χ
2
 P 
value 
Herd size 102 118 57 21.668 <0.001 
Question All 
offspring 
Some 
offspring 
None χ
2
 P 
value 
Offspring have contact with adult 
breeding females 
181 77 19 145.935 <0.001 
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3.3 Disease entry and spread risks 
3.3.1 Dairy 
For all five of the risk areas, the red category had the highest disease incidences; 
however there was only one more herd with red status then amber status for the 
‘disease entry risks from objects’. Green is the lowest occurring disease level for 
Disease entry risks from cattle, people and objects. Disease entry risks from BVD, has 
no herds with a green risk level. 
 
In the cross-tabulation of Disease spread risks from BVD and Disease entry risks from 
BVD, the highest risk level of herds was red/red with 54 of the 142 herds, while the 
lowest was Amber/Red with just one herd. 
 
Table 3.19: Disease entry risks for dairy herds 
 Disease entry risks 
 Cattle People Objects BVD 
 Freq. % Freq. % Freq. % Freq. % 
Red 103 72.5 88 62.0 67 47.2 99 69.7 
Amber 37 26.1 30 21.1 66 46.5 43 30.3 
Green 2 1.4 24 16.9 9 6.3 0 0 
Total 142 100.0 142 100.0 142 100.0 142 100.0 
 
Table 3.20: Disease spread risks from BVD - dairy 
 Freq. % 
Red 77 54.2 
Amber 3 2.1 
Green 62 43.7 
Total 142 100.0 
 
Table 3.21: Cross-tabulation of disease entry risks and disease spread risks from BVD 
– dairy 
 Disease spread risks from BVD Total 
Red Amber Green 
Disease entry risks from 
BVD 
Red 54 1 44 99 
Amber 23 2 18 43 
Total 77 3 62 142 
 
A chi-squared test was performed on the relationship between disease spread risks 
and disease entry risks (amber disease spread risks were omitted from this analysis 
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due to sample size constraints). No significant relationship was found. X2(1) = 0.012. p = 
0.913. 
 
3.3.2 Beef 
Similarly to All herds and dairy herds, red was the highest occurring risk level assigned 
to beef herds in this study for Disease entry risks for cattle, people, BVD and disease 
spread risks from BVD. Green was the lowest occurring risk level for four of the five 
categories of risk; disease spread risks from BVD was the only exception with Amber 
as the lowest occurring risk level. 
 
Once again the most commonly occurring risk level was red/red for disease entry risks 
from BVD and disease spread risks from BVD. Green risk level for disease entry risks 
from BVD and Amber for disease spread risks from BVD did not occur on any beef 
herds in this study, Amber/amber and green/green both occurred on two beef herds. 
 
Table 3.22: Disease entry risks for beef herds 
 Disease entry risks 
 Cattle People Objects BVD 
 Freq. % Freq. % Freq. % Freq. % 
Red 196 70.8 148 53.4 94 33.9 173 62.5 
Amber 74 26.7 67 24.2 137 49.5 97 35.0 
Green 7 2.5 62 22.4 46 16.6 7 2.5 
Total 277 100.0 277 100.0 277 100.0 277 100.0 
 
Table 3.23: Disease spread risks from BVD - beef 
 Freq. % 
Red 190 68.6 
Amber 16 5.8 
Green 71 25.6 
Total 277 100.0 
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Table 3.24: Cross-tabulation of disease entry risks and disease spread risks from BVD 
– beef herds 
 Disease spread risks from 
BVD 
Total 
Red Amber Green 
Disease entry risks 
from BVD 
Red 136 14 23 173 
Amber 49 2 46 97 
Green 5 0 2 7 
Total 190 16 71 277 
 
Chi-squared analysis was carried out on the relationship between disease spread risks 
and disease entry risks for beef herds. Amber disease spread risks and green disease 
entry risks were omitted from this analysis due to sample size constraints. An 
extremely significant relationship was found. X2(1) = 32.959. p = 0.0001. 
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3.4 Principal Component Analysis 
3.4.1 Dairy 
3.4.1.1 Red entry risk from BVD 
The data was subject to KMO; after removing ten questions, the KMO was 0.701. All 
individual KMOs were now above the 0.5 threshold. An initial analysis was run to obtain 
the eigenvalues for each component in the data, as shown in Table 3.25: 
 
Table 3.25: Dairy herds red risk of BVD entry - Total variance explained six 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 3.506 20.626 20.626 3.506 20.626 20.626 2.154 12.670 12.670 
2 1.654 9.729 30.355 1.654 9.729 30.355 1.918 11.282 23.952 
3 1.546 9.093 39.448 1.546 9.093 39.448 1.842 10.834 34.786 
4 1.279 7.524 46.972 1.279 7.524 46.972 1.601 9.418 44.204 
5 1.142 6.719 53.691 1.142 6.719 53.691 1.409 8.286 52.490 
6 1.127 6.627 60.318 1.127 6.627 60.318 1.331 7.828 60.318 
7 .921 5.419 65.736       
8 .877 5.157 70.893       
9 .820 4.825 75.718       
10 .690 4.061 79.779       
11 .647 3.803 83.582       
12 .598 3.519 87.102       
13 .527 3.099 90.201       
14 .506 2.975 93.176       
15 .431 2.535 95.711       
16 .391 2.301 98.012       
17 .338 1.988 100.000       
 
Six components had eigenvalues of 1 or more and in combination these components 
explained 60.32% of the variance. The Scree Plot (figure 3.1) suggests that it could be 
justified to retain just three components: 
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Figure 3.1: Dairy herds red risk of BVD entry - Scree plot  
 
The eigenvalues for three components were recalculated, Table 3.26: 
 
  
Key 
 Point of inflexion 3 components 
Point of inflexion 6 components 
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Table 3.26: Dairy herds red risk of BVD entry - Total variance explained three 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 3.506 20.626 20.626 3.506 20.626 20.626 2.513 14.783 14.783 
2 1.654 9.729 30.355 1.654 9.729 30.355 2.146 12.623 27.406 
3 1.546 9.093 39.448 1.546 9.093 39.448 2.047 12.042 39.448 
4 1.279 7.524 46.972       
5 1.142 6.719 53.691       
6 1.127 6.627 60.318       
7 .921 5.419 65.736       
8 .877 5.157 70.893       
9 .820 4.825 75.718       
10 .690 4.061 79.779       
11 .647 3.803 83.582       
12 .598 3.519 87.102       
13 .527 3.099 90.201       
14 .506 2.975 93.176       
15 .431 2.535 95.711       
16 .391 2.301 98.012       
17 .338 1.988 100.000       
 
In combination these three components explain 39.45% of the variance. 
 
The questions that clustered together to for the six components are shown in Table 
3.27: 
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Table 3.27: Dairy herds red risk of BVD entry - Component loadings six components 
 Question 
Component 
1 2 3 4 5 6 
Farmer/owner has contact with other cattle .725      
Use contractors without insisting on disinfection .647  .347    
Visitors allowed to enter animal areas .645   .393   
Stockmen/workers have contact with other animals .633      
Neighbouring cattle farms  .850     
Number of farm holdings  .576 .374    
Farm boundaries secure  -.501     
Herd size  .436 -.340 .308 .327  
Young stock of unknown disease status have contact with adult 
breeding females 
  .808    
Offspring have contact with adult breeding females   .740    
Equipment used on adult breeding females that was previously 
used on young stock 
   .708   
Young stock testing    -.670   
Staff do not disinfect between contact with young stock and 
adult breeding females 
   .530   
Slurry & farm yard manure from other farms spread on land     .788  
Share equipment with other cattle farms   .312  .627  
Feed could have been in contact with other animals      .784 
Access to streams & waterways  .494    .558 
 
The clusters suggest that component 1 represents people and equipment 
management, component 2 represents boundary security, component 3 represents 
young stock management, component 4 represents young stock to adult contact, 
component 5 represents cross contamination between farms and component 6 
represents feed and water management. 
 
The questions that cluster together to form three components are shown in Table 3.28: 
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Table 3.28: Dairy herds red risk of BVD entry - Component loadings three components 
 Question 
Component 
1 2 3 
Visitors allowed to enter animal areas .777 
  
Farmer/owner has contact with other cattle .739 
  
Stockmen/workers have contact with other animals .563 
  
Use contractors without insisting on disinfection .519 .311 
 
Equipment used on adult breeding females that was previously 
used on young stock 
.407 .364 
 
Share equipment with other cattle farms .395 .329 .344 
Slurry & farm yard manure from other farms spread on land .350 
  
Young stock of unknown disease status have contact with adult 
breeding females 
 
.827 
 
Offspring have contact with adult breeding females  .760 
 
Staff do not disinfect between contact with young stock and 
adult breeding females 
.316 .438 
 
Feed could have been in contact with other animals  .331 
 
Young stock testing    
Neighbouring cattle farms   .774 
Access to streams & waterways   .588 
Farm boundaries secure -.306 
 
-.530 
Number of farm holdings  .306 .524 
Herd size   .471 
 
These clusters suggest that component 1 represents people, machinery and manure 
management, component 2 represents young stock to adult breeding female 
transmission and feed management and component 3 represents boundary 
biosecurity. 
 
3.4.1.2 Amber entry risks from BVD 
All dairy herds in the amber category for entry risks from BVD responded ‘never’ to the 
question “I introduce breeding bulls, from herds which are not certified free of BVD 
without testing them for BVD before they contact cattle in the herd”. This question was 
removed from analysis for this category as no variance occurred. 
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The sample size n=43, had a KMO of 0.346, well below the threshold of 0.5. The 
individual KMO values were checked and a further 20 questions were removed. The 
analysis was rerun and the KMO increased to 0.618, above the reliability threshold. 
 
All individual KMO values were now above the threshold for reliability. The eigenvalues 
for each component in the data was obtained, Table 3.29: 
 
Table 3.29: Dairy herds amber risk of BVD entry - Total variance explained two 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 1.951 32.520 32.520 1.951 32.520 32.520 1.717 28.622 28.622 
2 1.256 20.931 53.451 1.256 20.931 53.451 1.490 24.829 53.451 
3 .920 15.340 68.791       
4 .723 12.049 80.840       
5 .658 10.971 91.811       
6 .491 8.189 100.000       
 
Two components had eigenvalues over Kaiser’s criterion of 1 and in combination could 
explain 53.45% of the variance for these six questions. The Scree Plot (figure 3.2) 
agreed with retaining two components: 
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Figure 3.2: Dairy herds amber risk of BVD entry - Scree plot 
 
The questions that clustered together to form the two components are shown in Table 
3.30: 
 
Table 3.30: Dairy herds amber risk of BVD entry - Component loadings 
 Question 
Component 
1 2 
Equipment used on adult breeding females that was previously 
used on young stock 
.830 
 
Sick cattle management -.775 
 
Staff do not disinfect between contact with young stock and 
adult breeding females 
.633 .336 
Young stock of unknown disease status have contact with adult 
breeding females 
 
.745 
Farmer/owner has contact with other cattle  .713 
Farm boundaries secure  -.541 
 
The clusters suggest that component 1 represents pregnant female management and 
component 2 represents on farm biosecurity. 
 
Key 
 Point of inflexion 2 components 
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Caution needs to be taken when using these components as so few of the original 27 
questions have been used in the analysis. 
 
3.4.1.3 Red spread risks from BVD 
The data with a sample size n = 77 were subject to KMO and after removing 11 
questions from the analysis had a KMO of 0.694. The individual KMO values were 
rechecked and all were now above the threshold. The eigenvalues were obtained for 
the data, Table 3.31: 
 
Table 3.31: Dairy herds red risk of BVD spread - Total variance explained five 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 3.550 22.189 22.189 3.550 22.189 22.189 2.080 12.998 12.998 
2 1.732 10.823 33.012 1.732 10.823 33.012 1.952 12.201 25.199 
3 1.431 8.946 41.959 1.431 8.946 41.959 1.741 10.879 36.077 
4 1.225 7.656 49.615 1.225 7.656 49.615 1.642 10.263 46.340 
5 1.067 6.666 56.281 1.067 6.666 56.281 1.591 9.941 56.281 
6 .993 6.204 62.485       
7 .886 5.537 68.022       
8 .862 5.388 73.410       
9 .726 4.536 77.946       
10 .702 4.390 82.336       
11 .621 3.881 86.217       
12 .555 3.466 89.683       
13 .497 3.103 92.787       
14 .442 2.760 95.546       
15 .400 2.499 98.045       
16 .313 1.955 100.000       
 
Five components had eigenvalues of 1 or more and in combination these accounted for 
56.28% of the variance of the remaining questions. The Scree Plot (figure 3.3) agrees 
with retaining five components: 
 
80 
 
 
Figure 3.3: Dairy herds red risk of BVD spread - Scree plot 
 
The questions that clustered together to form the five components are shown in Table 
3.32: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key 
 Point of inflexion 5 components 
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Table 3.32: Dairy herds red risk of BVD spread - Component loadings 
 Question 
Component 
1 2 3 4 5 
Access to streams & waterways .665     
Share equipment with other cattle farms .639     
Slurry & farm yard manure from other farms spread on land .553  .355   
Farmer/owner has contact with other cattle .543  .363   
Use contractors without insisting on disinfection .478   -.377  
Neighbouring cattle farms  .762 -.314   
Breeding females properly vaccinated/have natural immunity 
prior to breeding 
 .619 .391   
Farm boundaries secure -.331 -.559   -.353 
Number of farm holdings  .493  .413 .387 
Share grazing/buildings with other cattle  .486 .375   
Stockmen/workers have contact with other animals   .777   
Visitors allowed to enter animal areas .412  .640   
Buy/introduce cattle    .785  
Breeding bulls introduced without testing    .735  
Staff do not disinfect between contact with young stock and 
adult breeding females 
    .712 
Young stock of unknown disease status have contact with adult 
breeding females 
    .708 
 
These clusters suggest that component 1 represents transmission routes between 
farms; component 2 represents farm boundary security and vaccination policy; 
component 3 represents people management, component 4 represents introduced 
animal testing protocols; component 5 represents young stock to adult breeding female 
transmission. 
 
3.4.1.4 Green spread risks from BVD 
All dairy herds in the green category for spread risks from BVD responded ‘always’ to 
the question “Are breeding females properly protected by vaccination or natural 
immunity before they are pregnant and before they are at risk of exposure to any 
potentially infectious animals in the herd?”. This question was removed from analysis 
for this category as no variance occurred. 
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The sample size n = 62, 11 questions were removed due to the individual KMO values 
below the threshold, the KMO was reported as 0.689. The eigenvalues for each 
component were obtained, Table 3.33: 
 
Table 3.33: Dairy herds green risk of BVD spread - Total variance explained five 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 4.157 27.715 27.715 4.157 27.715 27.715 2.471 16.474 16.474 
2 2.007 13.382 41.097 2.007 13.382 41.097 2.285 15.232 31.705 
3 1.292 8.612 49.708 1.292 8.612 49.708 1.849 12.327 44.032 
4 1.157 7.713 57.421 1.157 7.713 57.421 1.628 10.853 54.886 
5 1.067 7.113 64.534 1.067 7.113 64.534 1.447 9.648 64.534 
6 .968 6.454 70.988       
7 .878 5.852 76.841       
8 .703 4.686 81.527       
9 .625 4.165 85.692       
10 .491 3.276 88.968       
11 .440 2.937 91.904       
12 .392 2.612 94.516       
13 .357 2.378 96.895       
14 .275 1.837 98.731       
15 .190 1.269 100.000       
 
Five components had eigenvalues of 1 or above and in combination were able to 
explain 64.53% of the variance. The Scree Plot (figure 3.4) suggests that the point of 
inflexion could suggest retaining three components: 
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Figure 3.4: Dairy herds green risk of BVD spread - Scree plot 
 
The eigenvalue for three components were calculated, Table 3.34: 
Table 3.34: Dairy herds green risk of BVD spread - Total variance explained three 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 4.157 27.715 27.715 4.157 27.715 27.715 2.773 18.488 18.488 
2 2.007 13.382 41.097 2.007 13.382 41.097 2.381 15.871 34.358 
3 1.292 8.612 49.708 1.292 8.612 49.708 2.302 15.350 49.708 
4 1.157 7.713 57.421       
5 1.067 7.113 64.534       
6 .968 6.454 70.988       
7 .878 5.852 76.841       
8 .703 4.686 81.527       
9 .625 4.165 85.692       
10 .491 3.276 88.968       
11 .440 2.937 91.904       
12 .392 2.612 94.516       
13 .357 2.378 96.895       
14 .275 1.837 98.731       
15 .190 1.269 100.000       
Key 
 Point of inflexion 3 components 
Point of inflexion 5 components 
 
84 
 
 
In combination, when three components were retained, 49.71% of the variance could 
be explained. 
 
The questions that clustered together to form 5 components are shown in Table 3.35: 
 
Table 3.35: Dairy herds green risk of BVD spread - Component loadings five 
components 
 Question 
Component 
1 2 3 4 5 
Neighbouring cattle farms .786     
Farm boundaries secure -.697     
Access to streams & waterways .697   .303  
Move cattle off & back to the farm .512  .476   
Farmer/owner has contact with other cattle  .821    
Use contractors without insisting on disinfection  .678    
Share equipment with other cattle farms  .631 .431   
Stockmen/workers have contact with other animals .512 .588    
Number of farm holdings   .718   
Breeding bulls introduced without testing   .575   
Is equipment cleaned and disinfected between infected and 
susceptible animals? 
   -.792  
Buy/introduce cattle   .519 .654  
Visitors allowed to enter animal areas .422 .470  .500  
Young stock testing     -.829 
Herd size     .754 
 
These clusters suggest that component 1 represents transmission routes between 
farms; component 2 represents people and machinery biosecurity; component 3 
represents on farm biosecurity; component 4 represents equipment and introduced 
cattle disinfection and biosecurity protocols and component 5 represents young stock 
screening protocols. 
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Table 3.36: Dairy herds green risk of BVD spread - Component loadings three 
components 
 Question 
Component 
1 2 3 
Neighbouring cattle farms .742   
Access to streams & waterways .730   
Move cattle off & back to the farm .650   
Farm boundaries secure -.593  -.306 
Visitors allowed to enter animal areas .567 .430 .336 
Buy/introduce cattle  .753  
Breeding bulls introduced without testing  .633  
Herd size  .566  
Is equipment cleaned and disinfected between infected and 
susceptible animals? 
 -.536  
Young stock testing  -.475  
Number of farm holdings .329 .426  
Farmer/owner has contact with other cattle   .755 
Share equipment with other cattle farms   .651 
Use contractors without insisting on disinfection   .627 
Stockmen/workers have contact with other animals .526  .540 
 
These clusters suggest that component 1 represents routes of transmission between 
farms, component 2 represents cattle management and component 3 represents 
people and machinery management. 
 
3.4.2 Beef herds 
3.4.2.1 Red entry risks from BVD 
With a sample size n=173, the data were subject to KMO and after removing three 
questions, the KMO was reported at 0.626. 
 
An initial analysis was run to obtain eigenvalues for each component in the data, 
shown in Table 3.37: 
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Table 3.37: Beef herds red risk of BVD entry - Total variance explained nine 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 3.219 13.411 13.411 3.219 13.411 13.411 2.051 8.547 8.547 
2 2.214 9.224 22.635 2.214 9.224 22.635 1.857 7.739 16.286 
3 2.032 8.465 31.100 2.032 8.465 31.100 1.817 7.569 23.855 
4 1.508 6.284 37.385 1.508 6.284 37.385 1.796 7.485 31.340 
5 1.337 5.572 42.957 1.337 5.572 42.957 1.761 7.337 38.677 
6 1.315 5.479 48.436 1.315 5.479 48.436 1.588 6.617 45.294 
7 1.179 4.911 53.347 1.179 4.911 53.347 1.440 5.999 51.293 
8 1.145 4.771 58.118 1.145 4.771 58.118 1.427 5.944 57.237 
9 1.060 4.417 62.535 1.060 4.417 62.535 1.272 5.298 62.535 
10 .981 4.087 66.622       
11 .885 3.688 70.310       
12 .827 3.444 73.754       
13 .744 3.101 76.855       
14 .704 2.933 79.788       
15 .668 2.784 82.572       
16 .645 2.690 85.262       
17 .589 2.456 87.718       
18 .544 2.265 89.983       
19 .495 2.063 92.046       
20 .492 2.049 94.095       
21 .413 1.722 95.817       
22 .381 1.587 97.404       
23 .330 1.377 98.781       
24 .293 1.219 100.000       
 
Nine components had eigenvalues over the Kaiser’s criterion of 1 and in combination 
explained 62.54% of the total variance. The Scree plot (figure 3.5) suggests that the 
point of inflexion could justify retaining five components:  
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Figure 3.5: Beef herds red risk of BVD entry - Scree plot 
 
The eigenvalues for five components were recalculated, Table 3.38: 
  
Key 
 Point of inflexion 5 components 
Point of inflexion 9 components 
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Table 3.38: Beef herds red risk of BVD entry - Total variance explained five 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 3.219 13.411 13.411 3.219 13.411 13.411 2.309 9.622 9.622 
2 2.214 9.224 22.635 2.214 9.224 22.635 2.236 9.317 18.939 
3 2.032 8.465 31.100 2.032 8.465 31.100 2.204 9.184 28.123 
4 1.508 6.284 37.385 1.508 6.284 37.385 1.786 7.441 35.564 
5 1.337 5.572 42.957 1.337 5.572 42.957 1.774 7.393 42.957 
6 1.315 5.479 48.436       
7 1.179 4.911 53.347       
8 1.145 4.771 58.118       
9 1.060 4.417 62.535       
10 .981 4.087 66.622       
11 .885 3.688 70.310       
12 .827 3.444 73.754       
13 .744 3.101 76.855       
14 .704 2.933 79.788       
15 .668 2.784 82.572       
16 .645 2.690 85.262       
17 .589 2.456 87.718       
18 .544 2.265 89.983       
19 .495 2.063 92.046       
20 .492 2.049 94.095       
21 .413 1.722 95.817       
22 .381 1.587 97.404       
23 .330 1.377 98.781       
24 .293 1.219 100.000       
 
In combination, when five components were retained 42.96% of the variance could be 
explained. 
 
The questions that clustered to form the nine components are shown in Table 3.39: 
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Table 3.39: Beef herds red risk of BVD entry - Component loadings nine components 
 Question 
Component 
1 2 3 4 5 6 7 8 9 
Equipment used on adult breeding 
females that was previously used on 
young stock 
.748         
Staff do not disinfect between contact 
with young stock and adult breeding 
females 
.747         
Offspring have contact with adult 
breeding females 
.636         
Sick cattle management -.469 -.407     .310   
 Share equipment with other cattle farms  .661        
Use contractors without insisting on 
disinfection 
 .525        
Access to streams & waterways  .509 .325  -.316     
Feed could have been in contact with 
other animals 
 .491        
Herd size   .703       
Number of farm holdings   .691       
Non breeding cattle introduced without 
testing 
   .823      
Buy/introduce cattle    .755      
Young stock testing     .784     
Breeding bull tested prior to being 
introduced to the herd 
    .758   -.354  
Young stock of unknown disease status 
have contact with adult breeding 
females 
.424  -.331 .303 -.437     
Share grazing/buildings with other cattle      .651    
Stockmen/workers have contact with 
other animals 
     .648    
Move cattle off & back to the farm    -.336  .538    
Farm boundaries secure       -.806   
Neighbouring cattle farms  .375 .446    .492   
Farmer/owner has contact with other 
cattle 
 .331     .489  .470 
Breeding bulls introduced without 
testing 
       .788  
Pregnant females introduced without 
testing 
   .370    .670  
Visitors allowed to enter animal areas         .801 
 
The clusters suggest that component 1 represents on farm biosecurity, component 2 
represents third party contamination, component 3 represents herd management, 
component 4 represents introducing cattle protocols, component 5 pregnant female 
management, component 6 cattle and staff management, component 7 boundary 
security, component 8 purchasing protocols and component 9 visitor protocols. 
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The questions that clustered together to form the five components are shown in Table 
3.40: 
 
Table 3.40: Beef herds red risk of BVD entry - Component loadings five components 
 Question 
Component 
1 2 3 4 5 
Breeding bull tested prior to being introduced to the herd -.676     
Young stock testing -.603     
Non breeding cattle introduced without testing .568   .356  
Young stock of unknown disease status have contact with adult 
breeding females 
.546 .386    
Buy/introduce cattle .501 -.335  .468  
Breeding bulls introduced without testing .495     
Pregnant females introduced without testing .445     
Staff do not disinfect between contact with young stock and 
adult breeding females 
 .703    
Equipment used on adult breeding females that was previously 
used on young stock 
 .666    
Offspring have contact with adult breeding females  .660    
Sick cattle management  -.523  -.418  
Number of farm holdings   .745   
Herd size   .660   
Neighbouring cattle farms   .596   
Access to streams & waterways   .470   
Farm boundaries secure   -.376   
Share grazing/buildings with other cattle   .306   
Share equipment with other cattle farms    .621  
Move cattle off & back to the farm   .327 -.507 .438 
Feed could have been in contact with other animals    .473  
Stockmen/workers have contact with other animals     .654 
Farmer/owner has contact with other cattle     .635 
Visitors allowed to enter animal areas     .491 
Use contractors without insisting on disinfection    .377 .447 
 
The clusters suggest that component 1 represents cattle introductions, component 2 
represents on-farm biosecurity, component 3 represents boundary security, component 
4 represents contamination from other farms and component 5 represents people and 
machinery management. 
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3.4.2.2 Amber entry risks from BVD 
All 97 beef herds in the category of amber for entry risks responded ‘never’ to the 
questions “My cattle share grazing or buildings with cattle from other herds”, with no 
variance this question was removed from the PCA for this question. 
 
With a sample size n=97, the data were subject to KMO analysis and 11 questions 
were removed from the analysis, the KMO was reported at 0.662. An initial analysis 
was run on the remaining 15 questions to obtain the eigenvalues for each component 
in the data, Table 3.41: 
 
Table 3.41: Beef herds amber risk of BVD entry - Total variance explained six 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 2.870 19.137 19.137 2.870 19.137 19.137 2.185 14.565 14.565 
2 1.897 12.649 31.785 1.897 12.649 31.785 1.767 11.780 26.345 
3 1.442 9.613 41.398 1.442 9.613 41.398 1.720 11.464 37.810 
4 1.159 7.723 49.122 1.159 7.723 49.122 1.452 9.681 47.490 
5 1.114 7.425 56.547 1.114 7.425 56.547 1.359 9.057 56.547 
6 .937 6.248 62.795       
7 .855 5.700 68.495       
8 .774 5.158 73.654       
9 .734 4.892 78.546       
10 .705 4.701 83.247       
11 .629 4.196 87.443       
12 .551 3.673 91.116       
13 .537 3.580 94.696       
14 .464 3.092 97.788       
15 .332 2.212 100.000       
 
Five components were identified as having eigenvalues of above 1, and in combination 
explained 56.55% of the variance. The scree plot (figure 3.6) suggests that the point of 
inflexion could be at four components agreed with there being five components 
retained: 
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Figure 3.6: Beef herds amber risk of BVD entry - Scree plot 
 
The eigenvalues of the four components was recalculated, Table 3.42: 
  
Key 
 Point of inflexion 4 components 
Point of inflexion 5 components 
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Table 3.42: Beef herds amber risk of BVD entry - Total variance explained four 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 2.870 19.137 19.137 2.870 19.137 19.137 2.279 15.191 15.191 
2 1.897 12.649 31.785 1.897 12.649 31.785 1.899 12.662 27.853 
3 1.442 9.613 41.398 1.442 9.613 41.398 1.799 11.993 39.846 
4 1.159 7.723 49.122 1.159 7.723 49.122 1.391 9.276 49.122 
5 1.114 7.425 56.547       
6 .937 6.248 62.795       
7 .855 5.700 68.495       
8 .774 5.158 73.654       
9 .734 4.892 78.546       
10 .705 4.701 83.247       
11 .629 4.196 87.443       
12 .551 3.673 91.116       
13 .537 3.580 94.696       
14 .464 3.092 97.788       
15 .332 2.212 100.000       
 
In combination, when four components were retained 49.12% of the variance could be 
explained. 
 
The questions that clustered together to form the five components are shown in Table 
3.43: 
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Table 3.43: Beef herds amber risk of BVD entry - Component loadings five components 
 Question 
Component 
1 2 3 4 5 
Equipment used on adult breeding females that was previously 
used on young stock 
.793     
Staff do not disinfect between contact with young stock and 
adult breeding females 
.689     
Use contractors without insisting on disinfection .666     
Offspring have contact with adult breeding females .617   .405  
Move cattle off & back to the farm  .734    
Is equipment cleaned and disinfected between infected and 
susceptible animals? 
 .623    
Breeding females properly vaccinated/have natural immunity 
prior to breeding 
 .616  .328  
Young stock of unknown disease status have contact with adult 
breeding females 
  .738   
Breeding bull tested prior to being introduced to the herd   -.705   
Young stock testing  .438 -.512   
Neighbouring cattle farms    .706  
Sick cattle management  .342  -.545  
Pregnant females introduced without testing .319  .392 -.461  
Farm boundaries secure     -.794 
Access to streams & waterways     .737 
 
The clusters suggest that component 1 represents breeding livestock management, 
component 2 represents cattle movement biosecurity, component 3 represents BVD 
testing protocols, component 4 represents on farm biosecurity and component 5 
represents boundary security. 
 
The questions that cluster together to form the four components are shown in Table 
3.44: 
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Table 3.44: Beef herds amber risk of BVD entry - Component loadings four 
components 
 Question 
Component 
1 2 3 4 
Offspring have contact with adult breeding females .757    
Use contractors without insisting on disinfection .652    
Equipment used on adult breeding females that was previously 
used on young stock 
.641 -.307   
Staff do not disinfect between contact with young stock and 
adult breeding females 
.619   .335 
Neighbouring cattle farms .508 .443   
Pregnant females introduced without testing  -.624 .304  
Breeding bull tested prior to being introduced to the herd  .590   
Young stock testing  .533 .423  
Young stock of unknown disease status have contact with adult 
breeding females 
 -.506   
Move cattle off & back to the farm   .747  
Is equipment cleaned and disinfected between infected and 
susceptible animals? 
  .599  
Sick cattle management -.395  .510  
Breeding females properly vaccinated/have natural immunity 
prior to breeding 
 .446 .454  
Farm boundaries secure    -.794 
Access to streams & waterways    .633 
 
These clusters suggest that component 1 represents young stock to breeding female 
transmission routes, component 2 represents introduced livestock management, 
component 3 represents cattle and equipment management and component 4 
represents boundary security. 
 
3.4.2.3 Red spread risks from BVD 
With the sample size n = 190, a KMO of 0.721 was reported. The individual KMO 
values showed one question below the threshold; from running PCA with and without 
this question the results returned very little difference and so the question remained in 
the analysis. 
 
An initial analysis was run to obtain eigenvalues for each component in the data set, 
Table 3.45: 
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Table 3.45: Beef herds red risk of BVD spread - Total variance explained nine 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 4.463 16.531 16.531 4.463 16.531 16.531 2.165 8.019 8.019 
2 2.114 7.829 24.360 2.114 7.829 24.360 1.993 7.383 15.402 
3 1.678 6.216 30.575 1.678 6.216 30.575 1.866 6.912 22.314 
4 1.471 5.448 36.024 1.471 5.448 36.024 1.860 6.890 29.204 
5 1.443 5.344 41.368 1.443 5.344 41.368 1.700 6.297 35.501 
6 1.358 5.030 46.398 1.358 5.030 46.398 1.666 6.169 41.670 
7 1.236 4.576 50.975 1.236 4.576 50.975 1.602 5.934 47.604 
8 1.152 4.266 55.241 1.152 4.266 55.241 1.569 5.811 53.416 
9 1.051 3.894 59.135 1.051 3.894 59.135 1.544 5.719 59.135 
10 .981 3.634 62.770       
11 .957 3.544 66.313       
12 .871 3.226 69.539       
13 .840 3.110 72.648       
14 .764 2.831 75.480       
15 .726 2.687 78.167       
16 .688 2.550 80.716       
17 .657 2.433 83.149       
18 .585 2.167 85.316       
19 .575 2.130 87.446       
20 .542 2.009 89.455       
21 .508 1.880 91.334       
22 .478 1.770 93.104       
23 .466 1.727 94.831       
24 .413 1.529 96.360       
25 .368 1.364 97.725       
26 .318 1.176 98.901       
27 .297 1.099 100.000       
 
Nine components had eigenvalues over 1 and in combination explained 59.14% if the 
variance. The scree plot (figure 3.7) suggests that the point of inflexion could justify 
retaining four components. 
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Figure 3.7: Beef herds red risk of BVD spread - Scree plot 
 
The eigenvalues for four components were recalculated, Table 3.46: 
 
  
Key 
 Point of inflexion 4 components 
Point of inflexion 9 components 
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Table 3.46: Beef herds red risk of BVD spread - Total variance explained four 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 4.463 16.531 16.531 4.463 16.531 16.531 2.931 10.856 10.856 
2 2.114 7.829 24.360 2.114 7.829 24.360 2.437 9.027 19.883 
3 1.678 6.216 30.575 1.678 6.216 30.575 2.341 8.672 28.555 
4 1.471 5.448 36.024 1.471 5.448 36.024 2.016 7.469 36.024 
5 1.443 5.344 41.368       
6 1.358 5.030 46.398       
7 1.236 4.576 50.975       
8 1.152 4.266 55.241       
9 1.051 3.894 59.135       
10 .981 3.634 62.770       
11 .957 3.544 66.313       
12 .871 3.226 69.539       
13 .840 3.110 72.648       
14 .764 2.831 75.480       
15 .726 2.687 78.167       
16 .688 2.550 80.716       
17 .657 2.433 83.149       
18 .585 2.167 85.316       
19 .575 2.130 87.446       
20 .542 2.009 89.455       
21 .508 1.880 91.334       
22 .478 1.770 93.104       
23 .466 1.727 94.831       
24 .413 1.529 96.360       
25 .368 1.364 97.725       
26 .318 1.176 98.901       
27 .297 1.099 100.000       
 
In combination, when four components were retained, 36.02% of the variance could be 
explained. 
 
The questions that clustered together to form the nine components are shown in Table 
3.47: 
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Table 3.47: Beef herds red risk of BVD spread - Component loadings nine components 
 Question 
Component 
1 2 3 4 5 6 7 8 9 
Neighbouring cattle farms .723         
Access to streams & waterways .573         
Farm boundaries secure -.566         
Number of farm holdings .535      .305  -.352 
Is equipment cleaned and disinfected 
between infected and susceptible animals? 
-.511     .386    
Equipment used on adult breeding females 
that was previously used on young stock 
 .798        
Staff do not disinfect between contact with 
young stock and adult breeding females 
 .688  .333      
Offspring have contact with adult breeding 
females 
 .666        
Breeding bulls introduced without testing   .759       
Breeding bull tested prior to being 
introduced to the herd 
  -.750 -.315      
Young stock of unknown disease status 
have contact with adult breeding females 
   .718      
Young stock testing    -.716      
Non breeding cattle introduced without 
testing 
   .507  .312  .360  
Slurry & farm yard manure from other farms 
spread on land 
    .716     
Farmer/owner has contact with other cattle     .595     
Use contractors without insisting on 
disinfection 
    .461 .331    
Feed could have been in contact with other 
animals 
     .666    
Pregnant females introduced without testing      .627    
Buy/introduce cattle      .491    
Share grazing/buildings with other cattle       .668   
Stockmen/workers have contact with other 
animals 
    .355  .609   
Move cattle off & back to the farm   .352    .478  -.463 
Breeding females properly vaccinated/have 
natural immunity prior to breeding 
       .740  
Herd size       .308 .654  
Visitors allowed to enter animal areas   .414  .372   .444  
Share equipment with other cattle farms         .628 
Sick cattle management  -.416       -.460 
 
These clusters suggest that components 1 represents boundary security, component 2 
represents young stock/pregnant female contact, component 3 represents bull 
management, component 4 represents BVD testing protocol, component 5 represents 
third party cross contamination, component 6 introduction of risk potential, component 
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7 cattle and staff movements, component 8 protection of breeding cattle and 
component 9 on farm biosecurity. 
 
The questions that clustered together to form the four components are shown in Table 
3.48: 
 
Table 3.48: Beef herds red risk of BVD spread - Component loadings four components 
 Question 
Component 
1 2 3 4 
Non breeding cattle introduced without testing .739    
Buy/introduce cattle .637    
Breeding bull tested prior to being introduced to the herd -.634    
Breeding bulls introduced without testing .593    
Pregnant females introduced without testing .571    
Young stock of unknown disease status have contact with adult 
breeding females 
.550  .440  
Young stock testing -.424    
Farmer/owner has contact with other cattle .347 .333   
Move cattle off & back to the farm  .654   
Number of farm holdings  .579  .306 
Stockmen/workers have contact with other animals  .541   
Herd size  .532   
Visitors allowed to enter animal areas  .492   
Share grazing/buildings with other cattle  .439   
Use contractors without insisting on disinfection     
Slurry & farm yard manure from other farms spread on land     
Offspring have contact with adult breeding females   .731  
Staff do not disinfect between contact with young stock and 
adult breeding females 
  .652  
Equipment used on adult breeding females that was previously 
used on young stock 
  .651  
Sick cattle management   -.551  
Share equipment with other cattle farms   .339 .305 
Neighbouring cattle farms    .676 
Access to streams & waterways    .613 
Is equipment cleaned and disinfected between infected and 
susceptible animals? 
   -.446 
Farm boundaries secure  -.346  -.379 
Breeding females properly vaccinated/have natural immunity 
prior to breeding 
   -.369 
Feed could have been in contact with other animals    .350 
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These clusters suggest that component 1 represents biosecurity of people and 
introduced cattle, component 2 represents cattle management, component 3 
represents breeding female protection and component 4 represents farm boundary 
security. 
 
3.4.2.4 Green spread risk of BVD 
All 71 beef herds in the category of green for spread risks responded ‘always’ to the 
questions “Are breeding females properly protected by vaccination or natural immunity 
before they are pregnant and before they are at risk of exposure to any potentially 
infectious animals in the herd?”, with no variance this question was removed from the 
PCA for this question. 
 
The sample size n = 71, the data were subject to KMO which after removing six 
questions was reported at 0.717.  
 
An initial analysis was run to obtain the eigenvalues for each component in the data, 
Table 3.49: 
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Table 3.49: Beef herds green risk of BVD spread - Total variance explained six 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 4.803 24.016 24.016 4.803 24.016 24.016 3.042 15.210 15.210 
2 2.211 11.056 35.072 2.211 11.056 35.072 2.448 12.240 27.450 
3 1.598 7.991 43.063 1.598 7.991 43.063 2.132 10.661 38.110 
4 1.433 7.163 50.226 1.433 7.163 50.226 1.768 8.841 46.952 
5 1.339 6.694 56.920 1.339 6.694 56.920 1.614 8.069 55.020 
6 1.113 5.565 62.485 1.113 5.565 62.485 1.493 7.465 62.485 
7 .995 4.974 67.459       
8 .878 4.391 71.851       
9 .812 4.061 75.912       
10 .717 3.586 79.498       
11 .585 2.927 82.426       
12 .576 2.880 85.305       
13 .492 2.458 87.763       
14 .471 2.355 90.118       
15 .431 2.157 92.275       
16 .421 2.103 94.378       
17 .357 1.787 96.165       
18 .321 1.605 97.770       
19 .263 1.313 99.083       
20 .183 .917 100.000       
 
Six components had eigenvalues above 1, and in combination explained 62.49% of the 
variance. The scree plot (figure 3.8) suggested that the point of inflexion could justify 
retaining 3 components. 
 
 
103 
 
 
Figure 3.8: Beef herds green risk of BVD spread - Scree plot 
 
The eigenvalues for three components were calculated, Table 3.50: 
  
Key 
 Point of inflexion 3 components 
Point of inflexion 6 components 
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Table 3.50: Beef herds green risk of BVD spread - Total variance explained three 
components 
C
o
m
p
o
n
e
n
t Initial Eigenvalues Extraction Sums of Squared 
Loadings 
Rotation Sums of Squared 
Loadings 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
Total % of  
Variance 
Cumulative  
% 
1 4.803 24.016 24.016 4.803 24.016 24.016 3.168 15.841 15.841 
2 2.211 11.056 35.072 2.211 11.056 35.072 2.955 14.776 30.617 
3 1.598 7.991 43.063 1.598 7.991 43.063 2.489 12.446 43.063 
4 1.433 7.163 50.226       
5 1.339 6.694 56.920       
6 1.113 5.565 62.485       
7 .995 4.974 67.459       
8 .878 4.391 71.851       
9 .812 4.061 75.912       
10 .717 3.586 79.498       
11 .585 2.927 82.426       
12 .576 2.880 85.305       
13 .492 2.458 87.763       
14 .471 2.355 90.118       
15 .431 2.157 92.275       
16 .421 2.103 94.378       
17 .357 1.787 96.165       
18 .321 1.605 97.770       
19 .263 1.313 99.083       
20 .183 .917 100.000       
 
In combination, when three components were retained 43.06% of the variance could be 
explained. 
 
The questions that clustered together to form the six components are shown in Table 
3.51: 
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Table 3.51: Beef herds green risk of BVD spread - Component loadings six 
components 
 Question 
Component 
1 2 3 4 5 6 
Breeding bulls introduced without testing .776      
Buy/introduce cattle .710      
Breeding bull tested prior to being introduced to the herd -.696      
Non breeding cattle introduced without testing .670    .347 .345 
Pregnant females introduced without testing .661   .346  -.319 
Staff do not disinfect between contact with young stock and 
adult breeding females 
 .742     
Share equipment with other cattle farms  .640   -.411  
Offspring have contact with adult breeding females  .632     
Equipment used on adult breeding females that was previously 
used on young stock 
 .602  .388  .366 
Use contractors without insisting on disinfection  .491 .311   .411 
Sick cattle management  -.443 -.430    
Visitors allowed to enter animal areas   .711    
Stockmen/workers have contact with other animals   .658    
Neighbouring cattle farms   .614   .301 
Farmer/owner has contact with other cattle .324 .350 .470    
Move cattle off & back to the farm    .697   
Number of farm holdings    .667 -.384  
Farm boundaries secure    -.614 -.442  
Young stock of unknown disease status have contact with adult 
breeding females 
    .818  
Access to streams & waterways      .758 
 
These clusters suggest that component 1 represents BVD testing procedures of 
introduced stock, component 2 represents young stock to adult female transmission 
and equipment biosecurity, component 3 represents herd protection from 
contamination from other farms, component 4 represents boundary biosecurity, 
component 5 represents young stock testing and component 6 represents water 
management. 
 
The questions that clustered together to form the three components are shown in Table 
3.52: 
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Table 3.52: Beef herds green risk of BVD spread - Component loadings three 
components 
 Question 
Component 
1 2 3 
Breeding bulls introduced without testing .749   
Breeding bull tested prior to being introduced to the herd -.727   
Non breeding cattle introduced without testing .722   
Buy/introduce cattle .671   
Pregnant females introduced without testing .645   
Offspring have contact with adult breeding females  .636  
Staff do not disinfect between contact with young stock and 
adult breeding females 
 .620  
Farm boundaries secure  -.610  
Stockmen/workers have contact with other animals  .569  
Equipment used on adult breeding females that was previously 
used on young stock 
 .543 .362 
Neighbouring cattle farms  .521 .431 
Access to streams & waterways  .422  
Move cattle off & back to the farm    
Share equipment with other cattle farms   .620 
Number of farm holdings   .581 
Use contractors without insisting on disinfection  .383 .553 
Young stock of unknown disease status have contact with adult 
breeding females 
.412 .474 -.523 
Sick cattle management   -.439 
Visitors allowed to enter animal areas   .390 
Farmer/owner has contact with other cattle .350 .373 .375 
 
These clusters suggest that component 1 represents testing policies of introduced 
cattle, component 2 represents cross boundary contamination and component 3 
represents boundary security.  
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Chapter four: 
Discussion 
 
4.1 Introduction 
The aim of this study was “to establish the level of risk of entry and spread of BVD on 
farms that participated in a part-funded control programme and determine any common 
risk areas on these farms.” This was achieved through the following: 
1. The risk of entry from BVD into the herd and the risk of spread of BVD within 
the herd was established for the total herds in this study (n=419), dairy herds 
(n=142) and beef herds (n=277). These risk statuses were defined by My 
Healthy Herd using the risk assessment questionnaire. 
2. Principal Component Analysis (PCA) was carried out on the responses to the 
risk assessment questionnaires from all of the farms in this study (n=419). From 
these results common areas of risk for disease entry and spread could be 
identified. 
3. Summary advice was established for dissemination to farmers. For dairy and 
beef herds components were identified that need to be addressed in the case of 
red and amber herds to improve the herds disease status or for green herds, 
components that need to be maintained.  
 
This study established BVD disease status for entry into and spread within the herds 
taking part in the Healthy Livestock project in the South West. 98% of herds 
(n=412/419) were in the red and amber categories for BVD entry. This meant they had 
‘inadequate’ or ‘not wholly adequate’ protocols in place to prevent the entry of the virus 
into their herd. 68.3% (n=286/419) of the herds found themselves in the red and amber 
categories for BVD spread, again meaning that the protocols in place on their farm 
would not prevent the spread of BVD within the herd. 45% (n=190/419) of the herds 
were red for both disease entry and disease spread. This suggests a low level of 
concern amongst farmers in disease control on farms, a lack of knowledge of disease 
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prevention or perhaps an unwillingness among farmers to change their management of 
the farm or herd to combat this disease. Analysis of responses to the risk assessment 
questionnaire allows us to identify possible key areas that need to be considered by 
farmers, if they are to improve their herds’ disease status and so improve the health of 
their cattle. It should be noted that participation by farms in Healthy Livestock was 
voluntary. Proactive farmers keen to improve the disease status of their herds took up 
this funding opportunity and veterinarians encouraged farmers they felt would benefit 
from the advice and guidance on disease control. However nobody could be forced to 
take part and so the data used in this analysis was not a random sample and may not 
depict a true picture of the disease status in the region. 
 
It was found that there was no significant relationship (p=0.9) between the disease 
spread risk and the disease entry risk of the dairy herds in this study. There was no link 
in the dairy herds categorisation for red, amber or green for disease spread risks and 
disease entry risks, this could be seen as 31% (n=44/142) of dairy herds were green 
for disease spread and red for disease entry. In contrast, beef herds were found to 
have a very significant relationship (p=<0.001) between disease spread and disease 
entry risks. This means that beef herds were likely to have the same or similar 
categorisation (red, amber or green) for both entry and spread risks, this can be seen 
with 49% (n=136/277) of beef herds classed as red for both disease entry and spread. 
 
The sample sizes for the risk of entry and spread split into the risk levels (red, amber 
and green) and by herd type (dairy and beef) were quite small. Comrey and Lee (1992) 
stated that a sample size of ≤100 should be considered poor and Habing (2003) 
suggested that 50 should be the smallest sample size used. Analysis was not run on 
green entry and amber spread categories because of this sample size constraint. This 
still left some categories with a small sample size; in order to make any conclusions 
from the data, these categories were checked for their sampling adequacy through the 
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Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) and all individual KMOs of 
less than 0.5 were removed from analysis (Field, 2013). 
 
For some of the disease categories (red or amber disease entry; red or green disease 
spread) several components were identified; however as Derks et al. (2012) 
suggested, too much information can be overwhelming to farmers. It is therefore 
suggested that to control the entry and spread of BVD, a small number of components 
that contribute most to entry and spread problems be highlighted and considered by 
farmers. Derks et al. (2012), Kristensen and Jakobsen (2011b) and da Silva el al, 
(2006) have all described the issues of giving too much information to farmers, leaving 
them potentially overwhelmed and more likely to ignore advice and carry on as before. 
This has been shown to have a demotivating effect on veterinarians and advisors as 
well as lead to failed disease control. By concentrating on fewer important components, 
veterinarians or advisors should be able to explain the benefits of making the changes, 
by giving a small amount of advice at any given time. 
 
This study established components of risk that most explained the areas of concern 
(risk) for each coloured risk level (red, amber or green) for the entry and spread of 
BVD. The components were herd specific (dairy or beef). In order to follow the 
suggestions made by Derks et al. (2012), Kristensen and Jakobsen (2011b) and da 
Silva el al, (2006) to keep everything simple for the farmers, only a few components 
were retained to achieve the best results.  
 
4.2 Dairy 
142 dairy herds were included in this study from all six counties of the South West. The 
spread of herds did not follow the herd distribution shown by DairyCo (2013a), 
potentially as a result of the more proactive veterinary practices encouraging farmers to 
take part, or more proactive farmers being situated in certain counties. In 2012, the 
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average dairy herd size was 127 cows in England. The herds in this study were banded 
into categories, with 60.6% of herds falling in the 81-200 cows per herd range, 
suggesting that the majority of herds were around the nation’s average size (DairyCo, 
2013b). 
 
4.2.1 Red entry 
69.72% (n=99/142) of the dairy herds were classified as red for risk of entry from BVD. 
PCA identified six components with eigenvalues >1, explaining 60.3% of the variance. 
The scree plot showed three components could be justified, explaining 39.45% of the 
variance. The three components followed all of the requirements as discussed 
previously and were chosen to represent this category. The components were defined 
as ‘people, machinery and manure management’ (14.78%), ‘young stock to adult 
breeding female transmission’ (12.62%) and ‘boundary biosecurity’ (12.04%). 
 
The component explaining the highest level of variance within the PCA model was 
‘people, machinery and manure management’. Questions in this component included 
allowing visitors to make contact with their cattle without disinfection, visiting other 
farms and contacting other cattle without disinfecting prior to returning to their own 
farm, employing stockpersons who work on more than one cattle farm, using 
contractors without insisting on their equipment being disinfected, using dosing and 
handling equipment etc. near adult breeding females that may be pregnant after it was 
used on young stock, sharing tractors and machinery with other farms and allowing 
slurry and manure from another farm to be spread on the farm. 
 
In order to prevent the disease from entering the herd, consideration needs to be taken 
as to who and what enters the farm. People can unwittingly pass the virus between 
herds on their clothing and footwear. Farmers visiting another cattle farm, markets or 
even agricultural shows returning to their own farm and coming in to contact with their 
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own cattle can be a source of infection, as suggested by Barrett et al. (2011) and Fray 
et al. (2000). Allowing visitors to contact cattle which had previously been in contact 
with other cattle and employing stockpersons who work on more than one cattle farm 
are also sources of infection. Visitors could include other farmers on a farm walk and 
sales representatives e.g. nutritionists, agricultural merchants and artificial 
insemination, veterinarians, or even walkers on footpaths walking from one farm to the 
next. 30.28% (n=43/142) of dairy herds in this study stated that visitors were never 
allowed to have contact with their cattle unless they wear clean disinfected protective 
clothing and footwear; However, this means 69.72% (n=99/142) of the dairy herds did 
not insist on this precaution. 60.56% (n=86/142) dairy farms in this study stated they 
employ at least one part-time staff member; part-time workers are more likely to work 
on more than one cattle farm, passing infection from one farm to the next. 
Considerations to improve this situation could include insisting footwear is disinfected 
prior to entering animal areas and supplying overalls and boots to staff that must be left 
at the farm so as not to be worn on another farm.  
 
Contractors move from farm to farm, completing tasks such as crop harvesting and 
manure spreading; 85.92% (n=122/142) of dairy farms in this study stated that only 
sometimes or never did they insist that all machinery was cleaned and disinfected prior 
to entering the farm, resulting in dung etc. remaining on machinery and passing from 
one farm to the next. Bøtner and Belsham (2012) reported that the BVD virus can 
remain infective in slurry for up to three weeks when at 5⁰C or up to three days if it 
reaches 20⁰C, in the South West region of England with average temperatures 
reaching approximately 13⁰C -14⁰C (Met Office, not dated), farmers should expect the 
BVD virus to remain infective for between three weeks and three days. Although 
research does not specifically mention the survival of the BVD virus on machinery the 
study by Stevens (2009) found that for both rubber (e.g. tyres) and enamelled metal 
(e.g. machinery bodywork), there was a 89% chance of the virus being infective at one 
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hour post application and a 25% chance of infectivity after six hours. These studies 
show how easily contractors could pass the virus from one farm to the next as 
contractors often work on farms that can be reached within an hour of leaving the 
previous farm, resulting in the infectivity of the virus on machinery and any slurry 
remaining on the machinery remaining high on reaching the next farm. This disregard 
for machinery hygiene is surprising as it was only in 2001 and again in 2007 that the 
country’s livestock industry was brought to a halt after Foot and Mouth Disease was 
detected, and strict disinfection policies were implemented at farm entrances on all 
vehicles entering and exiting and on peoples footwear (BBC, 2007; Defra, 2007; BBC, 
2001). Machinery that is shared with other farms such as tractors, sprayers etc. can all 
carry the virus in the same way as contractors. All machinery should be cleaned and 
disinfected prior to entering their farm and also prior to leaving the farm to ensure 
nothing is passed to the next farm through leaving all contaminants on the farm of 
origin. 
 
Spreading slurry or farm yard manure from another farm on the land is a risk; however, 
if this must be carried out, the risk could be reduced by applying it to land that will be 
ploughed or will not be grazed for at least three weeks as this will allow for the longest 
infective period (when stored at 5⁰C) to have passed (Bøtner and Belsham, 2012). This 
could be referred to as a low risk of transfer as only 8.45% (n=12/142) of dairy herds in 
this study stated that they sometimes or often allowed this on their land. 
 
Equipment such as dosing guns and handling facilities could harbour the BVD virus 
and so if used on or near young stock and then breeding females, some of which may 
be pregnant, the virus could be passed to the susceptible animals (Lindberg and Houe, 
2005; Niskanen and Lindberg, 2003; Fray et al., 2000). Consideration should be given 
to cleaning and disinfecting the equipment between management groups. In some 
instances this may not be possible and so the order in which the groups are handled or 
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treated should be such that the susceptible animals are handled first when everything 
is clean and leave the young stock until last as this group is more likely to contain a PI 
animal. 
 
‘Young stock to adult breeding female transmission’ was shown by PCA to explain the 
second highest variance for dairy herds with a red status for disease entry. This 
component consisted of questions including young stock of unknown disease status 
making contact with adult breeding females that could be pregnant, rearing offspring 
from the farm such that they make contact with adult breeding females that could be 
pregnant and do workers have contact with young stock and adult breeding females 
without disinfecting between groups. Young stock are the category most at risk of 
containing a persistently infected animal, as they are unlikely to have been detected 
unless a robust testing policy was in place on the farm.  
 
The adult breeding females will be the most vulnerable animals in the herd to the BVD 
virus, as it is during the first trimester of pregnancy that a PI foetus will develop and so 
females not properly protected through either natural immunity or vaccination, pass the 
virus across the placenta to the foetus. In order to prevent this from happening, 
pregnant females should have under-gone the primary course of vaccination allowing 
the appropriate time lag before service and manage the young stock appropriately to 
prevent them from passing the virus to breeding heifers and cows. 
 
Ideally the young stock should be housed in separate buildings to adult breeding 
females with separate air supplies and not in neighbouring fields; the majority of dairy 
herds in the UK separate the calves from the mothers in the first few days after birth 
which should make this easier to achieve than for beef herds. If this can be achieved, 
the creation of PI calves should be greatly reduced and so the disease could be 
managed and controlled. When breaking the transmission from young stock to 
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breeding females, it is not only the cattle management that needs to be considered. 
The movement of staff needs to be planned so that they will not carry the virus from the 
young stock to the breeding females; wherever possible movements should be from 
the susceptible animals to the young stock and disinfection of footwear and clothing 
carried out between management groups. On some farms this could be quite easy with 
workers designated to one particular management group; however, on many farms with 
few staff, they will carry out tasks for all age groups and so virus transmission could 
easily occur. On farms where this is the case, the sequence of operations should be 
planned so susceptible animals i.e. adult breeding females, are visited, handled and 
treated first followed by the young stock. 
 
The third component for this category is ‘boundary security’. This component consisted 
of questions including having neighbouring farms with cattle, cattle having access to 
streams and waterways that pass through other cattle farms, security of farm 
boundaries, the number of holdings the cattle are kept on and the herd size. As shown 
in the study by Niskanen and Linberg (2003), the BVD virus can remain infectious in 
ambient air up to ten metres from the source. The majority of hedges are less than this 
width and so the virus (in the right conditions) could easily pass from one herd to the 
next. The risk of this method of transmission occurring would increase if the farm were 
to have more than one holding, all with different neighbouring cattle farms. Potentially 
double fencing and creating a larger barrier between herds would reduce the risk of 
infection from neighbouring cattle, or growing arable crops in the boundary fields could 
create a sufficient boundary to prevent cross contamination. Insecure boundaries could 
allow external stock to enter farmland or buildings etc. having direct, nose-to-nose 
contact with persistently infected (PI) or transiently infected (TI) animals then returning 
to their farm of origin, spreading the virus among the herd or vice versa, leaving the 
virus on the second farm and subsequently spreading it amongst the cattle on that 
farm.  
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Although transmission through the air is possible (Niskanen and Lindberg, 2003), nose-
to-nose contact is also a key transmission route (Barrett et al., 2011) and so any area 
where such contact could occur is likely to facilitate spread of the virus. Ensuring all 
boundaries are secure through adequate fencing and all gates closed to prevent entry 
of escaping animals including lanes and tracks to buildings, will prevent such contact. If 
contact through escaped animals does occur, farmers need to establish the other 
herd’s disease status and treat their animals accordingly e.g. quarantining the animals 
until tested and if they have become infected, ensure they do not contact pregnant 
females of breeding animals until the virus has created immunity or the breeding 
animals are fully vaccinated. Stevens (2009) found that the BVD virus was 98% 
infective after one hour in water, 64% infective after six hours in water and after 48 
hours in water the virus has a 16% chance of being infective. This means that the virus 
could easily pass from one cattle farm to the next in streams and waterways. If cattle 
on another farm have access to streams and defecate, urinate or leave saliva in the 
water as they drink, the virus could pass to other farms on the same watercourse and 
infect cattle with the virus which consume the water, potentially remaining undetected 
until the virus has spread among the herd. 
 
4.2.2 Amber entry 
30.28% (n=43/142) of the dairy herds in this study were categorised as having amber 
status for BVD disease entry. With such a small sample size, the results and 
components for this category need to be used as only a guide and not as a definitive 
answer; Comrey and Lee (1992) stated that a sample size of less than 100 should be 
considered poor. In order to satisfy the KMO test of adequacy minimum level of 0.5, 
only six questions remained in the analysis, again showing how poorly this category 
was represented. The question “I introduce breeding bulls from herds which are not 
certified free of BVD without testing them for BVD before they contact cattle in the 
herd” was removed from the analysis as all 43 herds responded ‘never’, indicating a 
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high level of awareness of the farmers in this category of the likelihood of BVD-entry 
through this component. Only two components were defined from these six questions, 
explaining 53.45% of the variance of these questions; these components were defined 
as ‘pregnant female management’ (28.62%) and ‘on-farm biosecurity’ (24.83%). 
 
The first component to be considered is ‘pregnant female management’ which included 
questions on using equipment on or near breeding females that may be pregnant that 
had previously been used on young stock, sick cattle being isolated from the herd 
immediately and not allowed to be in contact with breeding females that may be 
pregnant until they are fully recovered, staff having contact with young stock and adult 
breeding females that may be pregnant without disinfection and changing overalls and 
ensuring biosecurity protocols are followed. Pregnant females are the most at risk from 
the BVD virus as it will pass across the placenta to the foetus. If infected in early 
gestation, up to approximately 150 days, the foetus is immune-incompetent and will not 
mount an immune response to fight the virus; those that survive infection during this 
stage will be born as a PI (Booth and Brownlie, 2011; Smirnova et al., 2008; Brock, 
2003). Even if infection occurs later in gestation, the calf, if born alive, is likely to suffer 
from congenital defects and will be twice as likely to suffer from illness as non-BVD 
infected calves in the first ten months of life (Grooms, 2004).  
 
Managing pregnant and breeding females to reduce or eliminate the risk of contact with 
the BVD virus is a vital step in controlling this disease. Disinfecting equipment such as 
dosing equipment and handling facilities and ensuring staff disinfect their footwear and 
change overalls or clothing when moving from young stock areas to those housing 
pregnant and breeding females, housing these adult females in separate buildings with 
its own air supply or in fields away from the young stock would all help to break the 
cycle of developing PI animals and so control the disease. Isolating sick animals, 
especially those with contagious diseases, ideally should be common practice on 
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farms, not only to control BVD, but also to control the spread of many other diseases 
e.g. bovine tuberculosis and mastitis. BVD is an immunosuppressant and so PI and TI 
animals will be more susceptible to other diseases such as pneumonia (Fray et al., 
2000); untested animals that succumb to these types of diseases, potentially could be 
PI or TI animals and so are able to spread the virus to susceptible animals. Isolating 
sick animals in separate buildings or isolated fields would reduce the risk of spreading 
the disease they have succumbed to and also BVD. 
 
The second component, ‘on-farm biosecurity’, was derived from questions based on 
young stock of unknown disease status contacting adult breeding females that may be 
pregnant, visiting other cattle without wearing protective clothing and disinfecting 
before returning to their own farm and having secure farm boundaries. On-farm 
biosecurity should be a priority for farmers throughout the UK following disease 
outbreaks such as Foot and Mouth Disease and more recently Schmallenberg (Defra, 
2012; The Guardian, 2012; BBC, 2008). Prevention is better than cure (Defra, 2004); 
however, Gunn et al. (2008) found that there is still reluctance amongst farmers to 
implement biosecurity measures at a farm level. Farmers may still need to be educated 
to understand the impact of BVD on their herd in order for them to be motivated to 
implement the necessary changes to prevent the disease from entering and spreading 
within their herd (Lam et al., 2011; Noordhuizen et al., 2008). Veterinarians may be 
best placed to provide this education, if there are considered a trusted source of 
information by the farmer (Kristensen and Jakobsen, 2011b; da Silva et al., 2006). 
 
Farmers within this category of disease entry should manage their young stock, 
especially those of unknown disease status, so they have no contact with their adult 
breeding females, and consider establishing their disease status as soon as possible to 
further aid the control of disease entry before it spreads within the herd. Many farmers 
like to visit other farms, agricultural shows and livestock markets to look at the cattle 
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often comparing their own to those on show; however, this can often lead to clothes 
and footwear coming into contact with faeces, saliva, urine etc. from the areas they 
walk and cattle being inquisitive when encountering different people.  
 
On return to their farm, farmers and their staff should change into clean clothes and 
disinfect footwear (preferably on the visited farm or showground to leave all 
contamination at its source) before contacting their own animals. This is a basic 
consideration and one that could easily be implemented by farmers but also by 
markets, and agricultural shows. Secure boundaries is another area that should be 
looked at, for it is not only the prevention of disease entry that this would benefit, but 
can also alleviate wasted time finding and returning escaped animals to their own farm. 
On some farms this may be considered a costly action; however, once boundaries are 
secure, the maintenance should be simple and inexpensive and the cost of controlling 
a disease such as BVD needs to be weighed against the outlying expense. By 
successfully eliminating these elements of risk from the farms, these herds may be 
able to raise their herd’s disease status to ‘green’ by having effective precautions in 
place against disease entry. 
 
4.2.3 Red spread 
54.23% (n=77/142) of the dairy herds in this study had red status for spread of BVD 
within the herd. Herds in this category had inadequate protocols in place to prevent the 
spread of the BVD virus among the herd once it had entered. 11 questions from the 
risk assessment questionnaire had to be removed from the analysis to increase the 
KMO adequacy value to the more reliable level of 0.694. The analysis identified five 
components, which when combined explained 56.28% of the variance. These 
components were defined as ‘transmission routes between farms’ (13%), ‘farm 
boundary security and vaccination policy’ (12.20%), ‘people management’ (10.88%), 
‘introduced animal testing protocols’ (10.26%), and ‘young stock to adult breeding 
 
119 
 
females transmission’ (9.94%). The last three components only contained two variables 
each, whereas the aim was to have a minimum of three per component (Rahn, not 
dated); as several questions were removed from analysis on this occasion, this was 
expected and was accepted for exploratory purposes. 
 
The ‘transmission routes between farms’ component was derived from questions about 
cattle having access to streams and waterways that pass through other cattle farms, 
sharing equipment such as tractors, spreaders and sprayers with other farms, allowing 
slurry from another farm to be spread on the farm, visiting other farms and not wearing 
protective clothing or disinfecting before returning to the farm and using contractors 
and not insisting on the machinery being disinfected. Although these questions may 
appear to primarily relate to disease entry into the herd, they will also have a significant 
impact on the spread within the herd. The spread of the BVD virus through waterways 
could easily occur as Stevens (2009) found even after 48 hours in water the virus could 
remain 16% infective. If cattle on another farm have access to streams and defecate, 
urinate or leave saliva in the water as they drink, the virus could be transmitted to other 
farms on the same watercourse and be ingested by consuming the water, potentially 
being undetected until the virus has spread among the herd.  
 
Enforcing disinfection of all machinery before entering the farm will greatly reduce the 
risk of disease as mentioned previously. Farmers should implement strict policies about 
the clothing they wear when with their own animals and have contact with external 
cattle, Stevens (2009) found that the BVD virus on rubber i.e. wellington boots could 
remain 25% infective after six hours of being contaminated. This is a time period that 
farmers could easily move from one farm to the next, carrying the virus with them. 
Separate clothing and footwear worn ‘off farm’ from those worn on their own farm by 
farmers and their staff, would help to prevent the spread of the disease. 
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The questions that make up the component ‘Farm boundary security and vaccination 
policy’ include having neighbours with cattle, protection of females prior to pregnancy, 
having secure farm boundaries, the number of holdings the cattle are kept on and 
whether cattle share grazing or buildings. Preventing the creation of a PI calf is a key 
way of preventing the spread of the BVD virus within the herd. Ensuring the female is 
fully vaccinated prior to service is vital, although, as Meadows (2010) found, on-farm 
vaccination methods are not always effective, often giving farmers a false sense of 
security. The vaccine data sheet should be read prior to administering to the cattle and 
the intervals between the first and second injection of the primary course and first 
service should be strictly followed. Timings of the booster injections need to be 
followed to ensure continued immunity, as do dosing rates and storage temperatures to 
ensure the vaccine can work effectively. Contact with external cattle should be avoided 
where possible, adjusting grazing rotations to avoid neighbouring cattle being grazed 
on the other side of the hedge. If there is more than one holding in the farming 
business, or cattle are grazed on common land or housed in shared buildings (e.g. at 
shows) the cattle are quarantined and tested before mixing with the rest of the herd to 
ensure if they are infected it does not spread to other animals. 
 
The third component ‘People management’ concerns the employment of stockpersons 
who work on more than one cattle farm and the allowing of visitors to access animal 
areas. People can be unsuspecting carriers of the BVD virus on their clothes, footwear, 
hands, skin and hair (Fray et al., 2000). A key area when managing people who enter 
the farm would be to prevent moving from one management group to another, or if this 
must occur, enforcing a disinfection policy for footwear and clothing. Another option is 
to provide the latter to all visitors and stockpersons to prevent the movement of the 
virus into, as well as between, groups and in particular preventing the virus reaching 
your breeding animals. 
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‘Introduced animals testing protocols’ component contains the questions “I buy or 
introduce cattle (including hired bulls) onto the farm” and “I introduce breeding bulls, 
from herds which are not certified free of BVD without testing them for BVD before they 
contact cattle in the herd”. Introducing any cattle into the herd brings with it the risk of 
introducing and spreading the BVD virus if they are not quarantined and tested prior to 
introduction and infected animals managed accordingly. Breeding bulls need to be 
tested for the virus in the same way as females; however it has been found that 
transiently infected bulls can shed the virus in their semen for prolonged periods of time 
even after they have become immune to the virus (AHVLA, 2012). It is important that 
the bull’s semen is tested as well as blood, to ensure the virus is not passed on to the 
female and the foetus. 
 
‘Young stock to adult breeding females transmission’ component includes young stock 
of unknown disease status making contact with adult breeding females that could be 
pregnant and workers having contact with young stock and adult breeding females 
without disinfecting between groups. This area has been discussed previously under 
4.2.1.  
 
4.2.4 Green spread 
43.66% (n=62/142) of the dairy herds in this study were allocated green status for BVD 
spread within the herd. These herds had effective precautions in place against the on-
farm spread of BVD. All 62 herds in this category for disease spread reported having 
their breeding females properly protected by vaccination or natural immunity before 
they are exposed to potentially infectious animals. This question was removed from the 
analysis; however, preventing the birth of PI animals is essential in controlling the 
spread of BVD (Lindberg and Houe, 2005) and so this could be considered as an 
important factor in being classed in this category. In order to reach a satisfactory 
adequacy score, 11 questions were removed from analysis. Five components were 
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identified with eigenvalues of >1 and were able to explain 64.53% of the variance 
cumulatively. The scree plot showed three components could be justified and in 
combination were able to describe 49.71% of the variance. In line with the guidance of 
Derks et al. (2012), Kristensen and Jakobsen (2011b) and da Silva et al. (2006) to not 
overwhelm farmers with information and because the requirements stated previously 
were fulfilled, three components were chosen for this category. These were defined as 
‘routes of transmission between farms’ (18.49%), ‘cattle management’ (15.87%) and 
‘people and machinery management’ (15.35%). Although these farms were in the 
lowest risk category for disease spread, they should still stay vigilant and maintain their 
barriers to disease spread within the herd. 
 
The main areas these farms should focus on to reduce the risk of disease spread are 
‘routes of transmission between farms’ including neighbouring cattle farms, secure farm 
boundaries, cattle having access to streams and waterways; moving cattle off and back 
to the farm for temporary grazing, markets or shows and visitors having access to 
animal areas on the farm. ‘Cattle management’ which includes introducing cattle on to 
the farm, in particular bulls which are not certified BVD free, the size of the herd and 
disinfecting equipment such as injection and dosing equipment used on potentially 
infected animals before being used on susceptible animals, as well as screening young 
stock before introducing them to the herd and the number of holdings in the farm 
business. The final component identified by PCA for dairy herds within the green 
spread risks was ‘people and machinery management’. Areas included in this 
component were visiting other cattle farms and not disinfecting prior to returning to the 
farm, sharing machinery, using contractors and not insisting the equipment is 
disinfected and employing stockpersons that have contact with animals on other farms. 
All of these areas have been discussed and methods of improving them for previous 
risk categories, and although farms in this category will only need to maintain their 
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management practices the principles are the same as discussed in sections 4.2.1, 
4.2.2 and 4.2.3.  
 
Farms that have strived to reach the green status for disease spread should 
understand what it is they do that keeps them in this category, so as to avoid slipping 
from this category. “Prevention is better than cure” was stated by Defra (2004) in the 
Animals Health and Welfare Strategy for Great Britain, and farmers need to remember 
this, maintaining those barriers to disease spread currently in place which work 
effectively. Continual monitoring of the herd’s spread risks needs to be carried out to 
identify any problems rapidly and try to minimise the virus spreading within the herd, if 
it should be reintroduced. The importance of this step is shown by the Shetland Islands 
eradication programme where the introduction of a pregnant female carrying a PI calf 
reintroduced the virus to the islands (Barrett et al., 2011; Synge et al., 1999). 
 
4.3 Beef herds 
The cattle management and biosecurity protocols have been previously discussed at 
length within the dairy section (4.2). Many of these protocols and previously described 
recommendations are appropriate and equally applicable to the beef herds discussed 
within this section. Only management areas of beef herds that are different to that of 
dairy herds will be discussed in further detail in this section to avoid repetition. 
 
277 beef herds were included in this study, from all six counties of the South West; two 
herds had holding numbers from neighbouring counties, these are likely to be from 
farms bordering on the county boundaries with their address within the region entitling 
them to access the project. 
 
My Healthy Herd did not distinguish between suckler herds and finishing units 
(purchasing cattle to finish for slaughter but do not have breeding cattle). Several 
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questions in the risk assessment refer to introducing breeding cattle and contact 
between young stock and breeding cattle e.g. Introducing pregnant females, 
introducing breeding bulls, young stock having contact with breeding females, staff 
moving between young stock and breeding females. When “never” was stated for these 
questions this study was unable to define if that was as a result of good management 
practices or it never occurred because breeding livestock were not present on the farm. 
This did not affect the result of this study because if breeding livestock were not 
present on the farm the risk of developing of PI animals was removed. Whether the 
response never was the result of good management practices or no breeding livestock 
being present, the risks associated with BVD entry and spread for the herd were 
reduced. 
 
 
4.3.1 Red entry 
62.4% (n=173/277) of beef herds in this study were categorised as red for disease 
entry. Three questions from the risk assessment were removed from this analysis to 
increase the sampling adequacy of this sample (n=173). PCA identified nine 
components with eigenvalues of >1 which explained 62.54% of the variance. The scree 
plot suggested that it could be justified to retain five components, which explained 
42.96%. The five components satisfied the requirements for retaining the lower number 
of components and were used for this study. The five components were ‘cattle 
introductions’ (9.62%), ‘on-farm biosecurity’ (9.32%), ‘boundary security’ (9.18%), 
‘contamination from other farms’ (7.44%) and ‘people and machinery management’ 
(7.39%). 
 
‘Cattle introductions’ includes questions on checking bulls are of no risk to breeding 
females before introducing them to the herd, screening young stock prior to them 
having contact with adult breeding females, young stock of unknown disease status 
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e.g. purchased calves having contact with adult breeding females, introducing cattle, 
introducing breeding bulls from herds not certified BVD free and without testing before 
allowing them contact with the herd and introducing pregnant females without testing 
them or their calves for BVD. As discussed previously all animals being introduced to 
the herd, female or male, of any age that have been purchased from another farm, 
hired for the mating season, or introduced from another of the farms holdings that was 
neighboured by other cattle farms should all be tested for the BVD virus prior to mixing 
with a new group. Reducing the risk of the virus entering the herd by identifying it and 
removing infected animals before the virus has chance to spread to other animals. 
 
‘On-farm biosecurity’ contains questions on staff contacting and using equipment on 
young stock and breeding females without disinfecting between groups, offspring being 
reared near or alongside breeding females and isolating sick animals away from 
breeding females. Although these areas have been discussed and will be the same as 
that for the dairy herds, an important management difference would be calves in 
suckler herds remaining with the dam and in groups with other breeding females for 
several months, often during the period when the adult female is mated. Testing the 
calves to identify PIs must take place once the maternal antibodies have worn off, 
which can take up to six months (Institute of Veterinary Virology, 2006), by which time 
the females should be pregnant. In this system, the calves would need to be tested 
once the maternal antibodies had gone and any PIs removed from the herd. The 
breeding females should have been tested prior to entry to the herd with PIs removed; 
however, the dam of any PI calf should be retested to ensure no false results had been 
established. The dams should also be fully vaccinated or screened to ensure they had 
natural immunity prior to mating to minimise the risk of the virus passing across the 
placenta to the foetus (Lindberg and Houe, 2005). 
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The third component, ‘boundary security’, contained questions on the number of 
holdings a farm business had, herd size, having neighbouring cattle farms, cattle 
having access to streams that pass through other cattle farms, farm boundaries being 
secure and cattle sharing grazing or buildings with other herds. As discussed 
previously, cattle need to have contact with external cattle kept to a minimum to avoid 
the spread of virus between herds. Farms with more than one holding, with different 
cattle farms bordering these holdings increases the risk of the virus crossing 
boundaries (if the neighbours have BVD). If the farm moved and mixed the cattle 
between holdings the virus could easily enter and spread amongst the herd. 
 
‘Contamination from other farms’ included questions on sharing machinery with other 
farmers, moving cattle off and back to the farm for temporary grazing, shows or 
markets and feeding feedstuffs that have been in contact with other animals. ‘People 
and machinery management’ consisted of questions on employing workers that work 
on other cattle farms, farmers visiting other farms and not disinfected prior to contacting 
their own cattle, visitors allowed to contact the cattle and using contractors and not 
insisting on machinery being disinfected. 
 
4.3.2 Amber entry 
All beef herds in the amber category for entry of BVD (n=97) responded ‘never’ to the 
question “My cattle share grazing or buildings with cattle from other herds.” 
Subsequently as there was no variance, this question had to be removed from PCA. A 
further 11 questions were removed to raise the KMO to 0.662. PCA identified five 
components with eigenvalues >1 explaining 56.55% of the variance. The scree plot 
suggested that four components could be retained, explaining 49.12% of the variance. 
With the requirements satisfied for retaining the lower number of components, four 
components were used. These components were defined as ‘young stock to breeding 
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female transmission routes’ (15.19%), ‘introduced livestock management’ (12.66%), 
‘cattle and equipment management’ (11.99%) and ‘boundary security’ (9.28%). 
 
The highest influencing component for this category was ‘young stock to breeding 
female transmission routes’ which included questions on rearing offspring such that 
they have contact with pregnant females, use contractors without insisting they clean 
and disinfect their machinery, use equipment such as dosing guns and handling 
facilities on or near breeding females that had been used on or near young stock. Staff 
having contact with young stock and breeding females without disinfecting or changing 
clothes and have neighbours with cattle bordering their farm. 
 
‘Introduced livestock management’ included questions on testing pregnant females, 
breeding bulls and young stock for BVD before introducing them to the herd, and 
allowing young stock of unknown disease status to have contact with breeding females. 
‘Cattle and equipment management’ contained questions on moving cattle off and back 
the farm for temporary grazing, shows and markets. Is equipment properly disinfected 
between using on potentially infected animals and susceptible cattle? Are sick animals 
isolated and allowed no contact with breeding females until recovered and are breeding 
females properly protected by vaccination or natural immunity before they are 
pregnant. ‘Boundary security’ contained questions on does the farm have secure 
boundaries and do the cattle have access to streams that pass through other cattle 
farms. 
 
4.3.3 Red spread 
In this study, 68.59% (n=190/277) of beef herds were classified into the red category 
for BVD spread within the herd. The initial KMO was 0.721; one question had an 
individual KMO of below 0.5 but was retained in the PCA as there was little effect in it 
being removed. The PCA identified nine components with eigenvalues >1 in 
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combination explaining 59.14% of the variance. The scree plot suggested that four 
components could be retained; explaining 36.02% of the variance, the requirements 
mentioned previously were fulfilled by these four components and were retained for this 
study. The components were identified as ‘biosecurity of people and introduced cattle’ 
(10.86%), ‘cattle management’ (9.03%), ‘breeding female protection’ (8.67%) and ‘farm 
boundary security’ (7.47%). 
 
‘Biosecurity of people and introduced cattle’ contained questions on introducing cattle 
to the herd, introducing non-breeding cattle, breeding bulls, pregnant females and 
young stock of unknown disease status and not testing them before mixing with the 
herd and the farmer or worker coming into contact with eternal cattle through farm 
visits, agricultural shows etc. without wearing protective clothing and not disinfecting on 
return to the farm. 
 
‘Cattle management’ included questions on moving cattle off and back to the farm for 
any reason, the number of holdings the farm has, herd size, using shared grazing or 
buildings with external cattle, employing stockpersons that also work on other cattle 
farms, allowing visitors to enter animal areas without wearing protective or disinfected 
clothing and footwear. 38.6% (n=107/277) of beef herds in this study stated that they 
sometimes or often employ workers that also work on other cattle farms; however, 182 
beef herds stated they employed one or more part-time workers, some of whom may 
not have informed their employers that they work on another cattle farm and so the 
number of herds at risk could be higher. For employees that work on other cattle farms 
it is probably advisable that overalls and boots are provided and remain at the farm to 
ensure no contamination is brought on to the farm. 
 
‘Breeding female protection’ consists of do you rear offspring from your breeding cattle 
such that they could contact breeding females that may be pregnant, do staff have 
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contact with young stock and breeding females without disinfection and changing 
overalls and ensuring biosecurity protocols, is equipment used on or near breeding 
females that was previously used on or near young stock and are sick animals isolated 
until fully recovered. 
 
The final component was ‘farm boundary security’ which included having neighbours 
with cattle, cattle having access to streams that run through other cattle farms, are farm 
boundaries secure and cattle are fed with feedstuff that could have been in contact with 
other animals. Is equipment used on potentially infected animals properly disinfected 
before being used on susceptible animals and are breeding females properly protected 
by vaccination or natural immunity before becoming pregnant or at risk of exposure of 
potentially infected animals. 
 
4.3.4 Green spread 
All herds in this category (n=71/277) stated that they ensured that their breeding 
females were protected by vaccination or natural immunity before they were exposed 
to potentially infected animals. As previously mentioned, preventing the BVD virus 
passing across the placenta to the foetus is vital in controlling the spread of BVD 
(Lindberg and Houe, 2005). Although this question had to be removed from the 
analysis, this could be a key reason for these herds to be categorised as green for 
spread. 
 
Six questions were removed from the analysis due to their low KMO values; this 
allowed the overall KMO to be increased to 0.717, a high reliability score. PCA was 
carried out on the 20 remaining questions and six components were identified with 
eigenvalues >1. These components were able to define 62.49% of the variance. The 
scree plot showed that it could be justified to retain three components, which explained 
43.06% of the variance. Three components satisfied the requirements mentioned 
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previously and were retained for this category. The components were identified as 
‘testing policies of introduced cattle’ (15.84%), ‘cross boundary contamination’ 
(14.78%) and ‘boundary security’ (12.45%). 
 
The component with the highest variance was ‘testing policies of introduced cattle’ 
which included questions about introducing cattle, breeding bulls, non-breeding cattle 
and pregnant females to the herd without testing to ensure they are no risk to breeding 
females. 
 
‘Cross boundary contamination’ contained questions on rearing offspring so they have 
contact with breeding females, is equipment used on or near breeding females that had 
previously been used on or near young stock, staff having contact with young stock 
and breeding females without disinfecting or changing overalls between the two 
groups, employing workers who have contact with other animals and are farm 
boundaries secure and does the farm have neighbouring cattle farms. 
 
‘Boundary security’ included questions on sharing tractors and machinery, cattle being 
kept on a single holding or multiple holdings, using contractors without insisting all 
machinery is clean and disinfected prior to entering the farm and young stock of 
unknown disease status having contact with breeding females. 
 
4.4 Recommendations and future developments 
The project intended to establish easy to understand steps that can be taken in order to 
control BVD, Tables 4.1 - 4.4 summarise how the management on farms may need to 
be changed to reduce their risks of BVD entry and spread within their herd. 
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Table 4.1 Dairy herds BVD risk of entry – Summary of management changes required 
Note: Green risk of entry from BVD for dairy herds is not present due to sample size 
limitations (n=0) 
  
 Component Action 
E
n
tr
y
 
R
e
d
 
People, machinery and manure 
management 
Ensure all people and machinery entering the 
farm is clean and disinfected. Prevent manure 
from other farms coming into contact with 
breeding females. 
Young stock to adult breeding 
female transmission 
Prevent contact between young stock and adult 
breeding females.  
Boundary biosecurity 
Ensure all farm boundaries are secure, double 
fence boundaries, grow arable crops in boundary 
fields or manage grazing to ensure your cows 
do not neighbour external cattle. 
A
m
b
e
r 
Pregnant female management 
Pregnant females should be managed such that 
they have no direct or indirect contact with 
young stock or sick animals. All equipment, 
clothing and footwear should be cleaned and 
disinfected before using on or entering areas 
with pregnant females. 
On-farm biosecurity 
Ensure no young stock of unknown disease 
status has contact with adult breeding 
females. Disinfect all footwear and change 
clothing before contacting own cattle after 
visiting other cattle e.g. shows, markets, farms 
walks. Secure all farm boundaries preventing 
the entry of external cattle or exit of your cattle. 
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Table 4.2 Dairy herds BVD risk of spread - Summary of management changes required 
Note: Amber risk of spread from BVD for dairy herds is not present due to sample size 
limitations (n=3) 
  
 Component Action 
S
p
re
a
d
 
R
e
d
 
Transmission routes between 
farms 
Ensure cattle do not have access to streams. All 
machinery should be cleaned and disinfected 
prior to entering the farm. Farmers should wear 
clothing and footwear dedicated for using 
only on their farm to avoid introducing the virus 
onto the farm. 
Farm boundary security and 
vaccination policy 
Ensure all breeding females are fully 
protected by vaccination or natural immunity 
prior to service. Ensure farm boundaries are 
secure. Quarantine and test all cattle that have 
contact with animals of unknown disease status. 
People management 
Ensure that all employees and visitors wear 
clean and disinfected clothing and footwear. 
Alternatively supply overall and boots to anyone 
coming onto the farm. Enforce a disinfect policy 
between management groups.  
Introduced animal testing 
protocols 
Quarantine and test all animals being brought 
onto the farm. 
Young stock to adult transmission 
Young stock of unknown disease status should 
be kept away from adult breeding females, at 
least ten metres apart but preferably in separate 
sheds or non-adjoining fields. Ensure 
disinfection and/or change of overalls when 
moving between young stock and breeding 
females. 
G
re
e
n
 
Transmission routes between 
farms 
Maintain secure farm boundaries and prevent 
cattle from having contact with external cattle. 
Remove access to streams, and ensure 
neighbouring cattle are not grazing in 
adjoining fields to yours. Minimise visitor 
contact with cattle and implement disinfection 
protocols for footwear and clothing or provide 
these for visitors. If cattle are removed from the 
farm e.g. agricultural show or market, quarantine 
returning animals and test before returning to 
the herd. 
Cattle management 
Quarantine and test all cattle including hired 
bulls before introducing to the herd. Clean and 
disinfect all equipment when moving from 
infected to susceptible animals or treat in order 
such that susceptible animals are treated first. 
People and machinery 
management 
Ensure all machinery is clean and disinfected 
prior to entering the farm. All footwear and 
clothing needs to be clean and disinfected or 
provided by the farm to avoid the BVD virus 
being introduced and spread around the farm. 
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Table 4.3 Beef herds BVD risks of entry - Summary of management changes required 
Note: Green risk of entry from BVD for beef herds is not present due to sample size 
limitations (n=7) 
 
 
 
 Component Action 
E
n
tr
y
 
R
e
d
 
Cattle introductions 
All cattle being introduced to the herd need to be 
quarantined and tested prior to mixing with other 
cattle on the farm. Any found to be a PI animal 
should be slaughtered. 
Farm biosecurity 
There should be no contact between young stock 
and breeding females, direct or indirect i.e. dosing 
equipment or people moving between groups. 
Cleaning and disinfection protocols should be 
implemented between management groups for 
people and objects. All sick animals should be 
quarantined until fully recovered. 
Boundary security 
Ensure farm boundaries are secure and cattle do 
not have contact with external cattle. Prevent access 
to streams and rotate grazing or manage arable 
rotations to avoid contact. Farms that have more 
than one holding should quarantine and test all 
cattle moving between farms. 
Contamination from other farms 
Ensure all machinery is clean and disinfected 
prior to entering the farm. All cattle must be 
quarantined and tested prior to re-entering the 
herd after attending agricultural shows, temporary 
shared grazing etc. Purchased feedstuffs should not 
have been in contact with other animals. 
People and machinery 
management 
Every person entering the farm and contacting the 
cattle need to wear clean and disinfected 
footwear and clothing or be provided with boots 
and overalls. All machinery needs to be clean and 
disinfected prior to entering the farm. 
A
m
b
e
r 
Young stock to breeding female 
transmission route 
Ensure there is no contact between young stock 
and breeding females, either directly or indirectly. If 
movements of people, object or machinery must take 
place between these two categories of cattle ensure 
everything (clothing, equipment, machinery etc.) is 
clean and disinfected and try to move from 
breeding females to young stock. 
Introduced livestock management 
Quarantine and test all cattle entering the farm, 
including hired bulls. If any test positive as a PI they 
should be slaughtered. 
Cattle and equipment 
management 
Breeding females should be fully protected by 
either vaccination or natural immunity before first 
service. All sick animals should be isolated until fully 
recovered and all animals entering or re-entering the 
herd should be quarantined and tested before 
mixing with the herd to minimise the risk of disease 
spread and entry. All equipment should be cleaned 
and disinfected before being used on susceptible 
animals i.e. breeding females.  
Boundary security 
Ensure all farm boundaries are secure to prevent 
contact with external cattle. Cattle should be 
prevented from accessing streams as these could be 
a source of infection. 
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Table 4.4 Beef herds BVD risks of spread - Summary of management changes 
required 
 Component Action 
S
p
re
a
d
 
R
e
d
 
Biosecurity of introduced cattle 
and people 
Quarantine and test all cattle entering the herd 
and slaughter all PI animals to prevent the entry of 
the disease. If visiting other farms or cattle either 
change clothes and footwear on your return or 
make sure everything is clean and disinfected. 
Environmental management 
Ensure all cattle entering the herd, through 
introducing cattle, cattle returning from shared 
grazing, shows or another of the farms holdings 
should be quarantined and tested prior to mixing 
with the other cattle on the farm. Minimise the 
contact visitors have with the cattle. If they have 
to enter the cattle areas, clean and disinfect 
clothing and footwear prior to entry or supply 
overall and boots. 
Breeding female protection 
Breeding females should be managed such that 
they do not have direct contact with young stock 
or indirect contact through objects or people 
contaminated with dung, saliva, urine etc. Sick 
animals should be isolated, to prevent the spread of 
disease. 
Farm boundary security 
Farm boundaries should be secure and there is no 
contact with external cattle including cattle grazing 
in fields adjacent to external cattle or access to 
streams. All feedstuffs should be sourced such that 
they have not been in contact with other animals. 
Breeding females should be protected by 
vaccination or natural immunity before they 
become pregnant. All equipment including dosing 
and injecting equipment, gloves etc. should be clean 
and disinfected before use on susceptible 
animals. These may have been used on another 
farm e.g. vets. 
G
re
e
n
 
Cattle testing policies of 
introduced stock 
All cattle entering the herd should be quarantined 
and tested before mixing with the other cattle. 
Cross boundary contamination 
Offspring should be reared separately from breeding 
females, for suckler herds where this is not possible 
offspring should be tested once maternal 
antibodies have been removed (approx. six 
months) and all PIs removed from the herd. Staff 
should ensure their clothing and footwear are 
clean and disinfected when entering the farm and 
between management groups. Alternatively 
overalls and boots should be provided for all 
employees that remain on the farm. Farm 
boundaries should be secure and cattle should 
have no contact with external animals e.g. 
neighbouring fields. All equipment such as handling 
equipment, should be clean and disinfected before 
using on susceptible animals.  
Boundary security 
All machinery needs to be clean and disinfected 
before entering the farm. Cattle being moved 
between the farms holding and any cattle of 
unknown disease status should be quarantined 
and tested before mixing with a new group of 
cattle. 
Note: Amber risk of entry from BVD for beef herds is not present due to sample size 
limitations (n=16) 
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Lam et al. (2011) stated that the farm needs to be seen as an integrated system of 
activities and not to focus on one element; this is true for disease control. The entry 
and spread risks were separated by My Healthy Herd; however, looking at disease 
control as a whole, could make it easier to manage changes. Also by looking at 
disease management as a whole, other disease could be brought under control or 
eradicated. Control and eventual eradication of BVD will take time, and this needs to be 
highlighted to farmers, but it is possible; as shown previously through the Australian 
‘Brucellosis and Tuberculosis Eradication Campaign’ which was in place for over 20 
years (Radunz, 2006; Cousins and Roberts, 2001) and Denmark’s ‘Operation 
Paratuberculosis’ which began in 2006 (Nielsen and Toft, 2011; Kudahl et al., 2008; 
Nielsen, 2007). Controlling BVD could also contribute towards reducing GHG emission 
in the UK, helping towards reaching the target of 80% less emissions from the 1990 
level by 2050 (EBLEX, 2012). BVD reduces growth rates and milk production (Gunn et 
al., 2005; Valle et al., 2005; Houe, 2003; Fray et al., 2000); with less productive cattle 
on farms, beef animals will remain on farm for longer before reaching target 
conformation and weights and dairy cattle will produce higher level of GHG per litre of 
milk produced and, farms will also need to retain a higher level of replacement animals 
to offset the losses of poor production and so further increasing GHG emissions (RBS, 
2009). 
 
With new CAP reforms coming into effect in 2015, there is concern that UK agriculture 
will no longer be as competitive as its European counterparts. The livestock sector 
needs to implement prevention measures and put in place disease control promptly in 
order to remain profitable. Through identifying the risk areas of BVD entry and spread 
now, should benefit UK farmers in the long term (European Commission, 2013b; 
Horne, 2013; NFU, 2013). Currently it is unclear as to the future level of modulation 
funding to be made available for health prevention programmes such as Healthy 
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Livestock. Therefore, for the time being it is up to farmers to take the lead on controlling 
BVD levels on their farm, so as not to lose out on lucrative export markets as other 
countries who have controlled BVD take advantage not only on the herd health side but 
also because carcase and milk yields will be higher and more cost effective to produce. 
 
Veterinarians may face challenges to encourage farmers to make the necessary 
changes. In the first instance, the farmers need to perceive that they have a problem 
with disease on their farm, and then they must see the benefits in the suggested 
changes before they will be implemented. These benefits may take years to become 
evident; perseverance by both veterinarians and farmers will be necessary for BVD to 
be controlled (Kristensen and Jakobsen, 2011b; Lam et al., 2011; Noordhuizen et al., 
2008; da Silva el al, 2006). Some farmers may argue that there is not any point in 
implementing control measures on their farm if their neighbour does not, as there will 
always be a risk of the disease being reintroduced to the herd. The message of 
disease control needs to reach all farmers and even though some are seen to be ‘hard 
to reach’, Jansen et al. (2010) showed that all farmers are reachable, but they source 
their information from different places for example veterinarians, farm magazines, 
newsletters or the internet. If the benefits of controlling BVD are provided in a number 
of these places, more farmers should start taking action to control the risks on their 
farm. However, for all farmers to get involved, legislation may have to be implemented 
as has been done in other countries to enforce movement restrictions and banning the 
sale of PI animals (Scottish Government, 2013; Presi and Heim, 2010). 
 
In order for farmers to move forward in the control and eventual eradication of BVD in 
cattle herds in the South West of England, this research needs to be expanded and 
developed in order for a greater level of understanding on the risks can be achieved. 
For this to be realised the following may be considered: 
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 It was not possible to produce recommendations in this study for farms 
categorised as green for disease entry and amber for disease spread. A larger 
sample size would allow for all categories to be analysed and recommendations 
for disease control produced for all herds.  
 A larger sample size would also potentially increase the level of reliability of 
control measures for each category (red, amber and green) for disease spread 
and entry. 
 If My Healthy Herd was to be used again for data collection, it would need to be 
developed to allow for a more detailed level of data interrogation to be possible 
i.e. define if a beef herd was a suckler herd or a beef finishing unit. This would 
allow a more detailed examination and as a result a greater understanding of 
the level of risk herds are exposed to. 
  
This study investigated the risk of BVD entering into and spreading within 419 dairy 
and beef herds in the South West of England that participated in a regional BVD control 
programme. The results of the risk assessment questionnaire were subjected to PCA in 
order to identify the areas of risk on farms categorised as red and amber for disease 
entry and red and green for disease spread. These risk areas were then summarised 
into actions farmers need to take in order to reduce the level of risk their herd was 
exposed to from BVD. 
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Data Collection Form
for general biosecurity
risks
Farmer's name:
Farm address: (inc post code)
Date: Milk buyer ID: Herd (if multiple herds):
Qu Question A B C
Questions on General cattle risks
Q1 I buy or introduce cattle ( including hired
bulls) onto the farm
Never Occasionally Frequently
Q2 My farm boundaries are secure and do not
allow any contact between my cattle and
others?
Totally Almost
secure
Not secure
Q3 I move my cattle off and back to the farm for
temporary grazing or from shows or
markets?
Never Occasionally Frequently
Q4 I have neighbours with cattle that border
directly on to my farm land?
None 1-3 farms More than 3
farms
Q5 My cattle are kept on a single farm holding
enclosed in a ring fence / 2 – 3 holdings /
multiple holdings with other cattle farms
between them?
Single
holding
2-3 holdings Multiple
holdings
Q6 My herd has less than 80 cattle / 80 – 200
cattle / more than 200 cattle?
Less than 80
cattle
80-200 cattle Over 200
cattle
Q7 My cattle share grazing or buildings with
cattle from other herds?
Never Occasionally Frequently
Questions on General people risks
Q8 Visitors are allowed to enter the animal
areas of my farm (unless they wear clean
disinfected protective clothing/boots)?
Never Sometimes Often
Q9 I employ stockmen or workers on the farm
that have contact with animals on any other
farm?
Never Sometimes Often
Q10 I visit other farms or have contact with other
cattle without wearing protective clothing
and disinfecting before returning to my
farm?
Never Sometimes Often
Questions on General objects risks
Myhealthyherd.com is a health planning system for vets and farmer to improve the health, welfare and productivity of cattle.
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Q11 I share equipment such as tractors,
spreaders, sprayers etc with other farmers?
Never Sometimes Often
Q12 I use contractors, and do not insist that their
equipment and plant is clean and disinfected
before they use it on my farm?
Never Sometimes Often
Q13 I allow any slurry or farm yard manure from
another farm to be spread on my farm?
Never Sometimes Often
Q14 My cattle have access to streams or
waterways that have passed through
another livestock farm?
Never Sometimes Often
Q15 My cattle are fed with feedstuff that could
have been in contact with other animals?
Never Sometimes Often
Myhealthyherd.com is a health planning system for vets and farmer to improve the health, welfare and productivity of cattle.
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Data Collection Form
for BVD disease
Farmer's name:
Farm address: (inc post code)
Date: Milk buyer ID: Herd (if multiple herds):
Qu Question A B C
Questions on BVD specific disease entry
risks / biosecurity risks for Beef herds.
Q1 I introduce pregnant females, from herds
that are not certified free of BVD, without
testing them for BVD, and testing their
calves for BVD before they contact the cattle
in the herd BVD.
Never Occasionally Frequently
Q2 I introduce breeding bulls, from herds which
are not certified free of BVD without testing
them for BVD before they contact cattle in
the herd.
Never Occasionally Frequently
Q3 I introduce non breeding cattle (calves,
youngstock and other cattle) from herds that
are not certified free of BVD, without testing
for BVD before they contact cattle in the
herd.
Never Occasionally Frequently
Questions on Youngstock to pregnant
females
Q4 Do you rear offspring from your breeding
cattle on the farm such that they could have
direct contact with any adult breeding
females that may be pregnant?
All offspring Some
offspring
None
Q5 Do any youngstock of unknown disease
status (such as purchased calves etc) have
any direct contact with adult breeding
females that may be pregnant?
Often Sometimes Never
Q6 Are youngstock properly screened for the
presence of active infection, including the
presence of PI animals, before they are
introduced to the herd or allowed contact
with any adult breeding females that might
be pregnant?
Always Sometimes Never
Questions on High risk cattle to pregnant
females
Myhealthyherd.com is a health planning system for vets and farmer to improve the health, welfare and productivity of cattle.
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Q7 Are sick cattle isolated from the rest of the
herd immediately they become sick, and
prevented from contact with breeding
females that may be pregnant until they are
fully recovered?
Always Sometimes Never
Q8 Are breeding bulls checked to ensure that
they are of no risk to breeding females
before they are introduced into the herd?
Always Sometimes Never
Questions on Indirect transmission
Q9 Do you or any staff have contact with
youngstock and adult breeding females that
may be pregnant, without disinfection and
changing overalls and ensuring biosecurity
protocols?
Often Sometimes Never
Q10 Do you use any equipment on or near adult
breeding females that may be pregnant that
has previously been used on or near
youngstock (such as tools, dosing
equipment, handling equipment etc)?
Often Sometimes Never
Q11 Is equipment that has close contact with
potentially infected cattle (such as injection
and dosing equipment, examination gloves
etc) properly cleaned and disinfected before
being used on susceptible cattle?
Always Sometimes Never
Questions on Susceptibility
Q12 Are breeding females properly protected by
vaccination or natural immunity before they
are pregnant and before they are at risk of
exposure to any potentially infectious
animals in the herd?
Always Sometimes Never
Myhealthyherd.com is a health planning system for vets and farmer to improve the health, welfare and productivity of cattle.
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Appendix II: Sample KMOs 
 
Dairy 
Dairy - Red entry risks from BVD 
Dairy herds red risk of BVD entry - KMO measure of sampling adequacy 27 questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .573 
 
Approx. Chi-Square 624.068 
 
Dairy herds red risk of BVD entry - KMO measure of sampling adequacy 20 questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .664 
 
Approx. Chi-Square 348.784 
 
Dairy herds red risk of BVD entry - KMO measure of sampling adequacy 17 questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .701 
 
Approx. Chi-Square 295.394 
 
Dairy - Amber entry risks from BVD 
Dairy herds amber risk of BVD entry - KMO measure of sampling adequacy 26 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .346 
 
Approx. Chi-Square 438.152 
 
Dairy herds amber risk of BVD entry - KMO measure of sampling adequacy 20 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .618 
 
Approx. Chi-Square 25.061 
 
Dairy - Red spread risks from BVD 
Dairy herds red risk of BVD spread - KMO measure of sampling adequacy 27 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .526 
 
Approx. Chi-Square 528.245 
 
Dairy herds red risk of BVD spread - KMO measure of sampling adequacy 16 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .694 
 
Approx. Chi-Square 221.443 
 
Dairy - Green spread risk from BVD 
Dairy herds green risk of BVD spread - KMO measure of sampling adequacy 26 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .541 
 
Approx. Chi-Square 566.819 
 
Dairy herds green risk of BVD spread - KMO measure of sampling adequacy 17 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .650 
 
Approx. Chi-Square 312.316 
 
Dairy herds green risk of BVD spread - KMO measure of sampling adequacy 15 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .689 
 
Approx. Chi-Square 267.214 
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Beef 
Beef - Red entry risks from BVD 
Beef herds red risk of BVD entry - KMO measure of sampling adequacy 27 questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .597 
 
Approx. Chi-Square 860.856 
 
Beef herds red risk of BVD entry - KMO measure of sampling adequacy 24 questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .626 
 
Approx. Chi-Square 742.254 
 
Beef - Amber entry risks from BVD 
Beef herds amber risk of BVD entry - KMO measure of sampling adequacy 26 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .545 
 
Approx. Chi-Square 470.511 
 
Beef herds amber risk of BVD entry - KMO measure of sampling adequacy 17 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .636 
 
Approx. Chi-Square 241.779 
 
Beef herds amber risk of BVD entry - KMO measure of sampling adequacy 16 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .655 
 
Approx. Chi-Square 222.813 
 
Beef herds amber risk of BVD entry - KMO measure of sampling adequacy 15 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .662 
 
Approx. Chi-Square 213.996 
 
Beef - Red spread risks from BVD 
Beef herds red risk of BVD spread - KMO measure of sampling adequacy 27 questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .721 
 
Approx. Chi-Square 1014.281 
 
Beef - Green spread risk from BVD 
Beef herds green risk of BVD spread - KMO measure of sampling adequacy 26 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .624 
 
Approx. Chi-Square 561.222 
 
Beef herds green risk of BVD spread - KMO measure of sampling adequacy 20 
questions 
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .717 
 
Approx. Chi-Square 408.775 
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